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Forev/ord 


ABOUT  two  hundred  and  fifty  years  ago  a  man  named 
Nicholas  Barbon,  following  the  marine  practice  of  many 
years'  standing,  conceived  the  idea  of  broadening  the 
risk  to  include  fire  in  buildings  or  their  contents.  To  each 
property  owner  who  desired  it,  he  guaranteed  reimbursement 
up  to  a  certain  amount  in  case  of  loss,  accepting  in  exchange 
for  the  responsibility  of  this  risk  an  annual  payment  of  a 
certain  small  amount  called  the  premium.  This  was  the  begin- 
ning of  the  fire  insurance  business.  Today,  by  the  application 
of  the  law  of  averages  and  other  scientific  principles,  what 
was  at  first  a  mere  gamble  has  become  a  real  co-operative 
business  arrangement  by  which  a  host  of  owners  pay  yearly 
a  small  but  carefully  calculated  sum  to  the  insurance  companies 
in  order  that  the  certain  number  of  owners  who  are  bound  to 
be  visited  by  fire  during  the  year  may  be  reimbursed  for  their 
losses.  The  insurance  business  has  grown  amazingly,  until 
now  it  represents  millions  upon  millions  of  capital,  controls  a 
vast  army  of  employes,  and  covers  almost  every  conceivable 
form  of  risk. 

€L  And  yet  it  is  evident  that  a  fire  insurance  policy  does  not 
represent  the  last  word  on  the  subject  of  protection.  At  best 
it  is  only  financial  protection  and  can  be  of  no  help  in  prevent- 
ing the  building  from  catching  fire  or  from  burning  up.  The 
payment  of  the  loss  by  the  insurance  company  may  enable 
the  owner  to  rebuild  as  good  as  new,  but  the  useful  material 
which  has  been  reduced  to  impotent  ashes  can  never  be 
restored.  Every  fire,  then,  is  a  waste  of  the  world's  energy, 
and  the  yearly  total  of  fire  losses  reaches  such  a  staggering  sum, 
particularly  in  this  country,  that  a  continuance  of  such  annual 
sacrifices  would  seem  to  mean  the  possibility  of  our  ultimate 


financial  ruin.  The  principle  of  "conservation  of  the  worid's 
resources"  demands  a  more  rational  method  of  procedure, 
namely,  the  construction  of  buildings  of  materials  that  cannot 
bum.  Notwithstanding  this  most  obvious  conclusion,  it  is 
within  the  memory  of  many  a  man  of  today— and  not  the 
"oldest  inhabitant"  either— that  the  first  real  steps  were  taken 
to  make  use  of  methods  and  materials  in  building  construction 
which  would  safeguard  the  building  against  this  terrible 
destroyer. 

C,  Strange  as  it  may  seem,  it  took  years  of  strenuous  effort 
on  the  part  of  the  believers  in  this  principle  of  fire  prevention 
before  the  movement  could  gain  sufficient  headway  to  become 
a  potential  force  in  the  constructive  activity  of  this  country. 
The  insurance  policy— the  easy  road  to  financial  reimbursement 
—was  too  alluring.  Our  forests  seemed  inexhaustible.  Lumber 
was  cheap  and  easily  obtained,  while  steel  and  tile,  concrete, 
and  other  fireproof  materials  were  too  expensive  to  be  con- 
sidered. In  fact,  the  world  had  to  suffer  several  serious 
conflagrations  and  in  the  end  the  owner,  the  architect,  and 
the  contractor  had  to  be  compelled  by  proper  municipal  legis- 
lation to  build  according  to  fire  protective  specifications  before 
much  progress  could  be  made. 

C  The  effect  of  this  restrictive  legislation  is  shown  in  its 
most  complete  form  in  Europe,  where  the  broader  area  of  the 
congested  districts  and  the  scarcity  of  lumber  have  forced  the 
problem  to  its  natural  solution  much  earlier  than  in  this 
country.  The  wonderfully  effective  "neighboring  risk"  idea, 
by  which  each  owner  is  made  liable  for  damage  to  his  neighbor's 
property  through  fires  due  to  his  own  carelessness  or  to  the 
neglect  of  proper  preventive  methods,  has  also  helped  to  stimu- 
late the  rapid  adoption  of  the  protective  measures,  resulting 
in  fire  losses  per  capita  in  different  parts  of  Europe  which 
are  from  six  to  twenty  times  lower  than  the  figure  for  this 
country,  and  this,  too,  in  the  face  of  a  much  denser  population. 


C  However,  the  cause  of  fire  prevention  and  the  appreciation 
of  fireproof  construction  has  progressed  very  rapidly  in  the 
United  States  during  the  last  few  years.  The  establishment 
of  Boards  of  Underwriters,  the  development  of  Underwriters' 
Laboratories,  where  fire  preventive  appliances  may  be  tested 
and  certified  to,  the  good  work  of  the  National  Fire  Protection 
Association  and  of  the  New  England  Factory  Mutuals,  and 
the  earnest  co-operation  of  the  insurance  companies  with 
these  seemingly  antagonistic  organizations,  all  show  that  we 
are  rapidly  approaching  a  period  when  fireproofing  will  be  the 
rule  instead  of  the  exception,  and  when  our  present  enormous 
annual  fire  losses  will  be  reduced  to  a  reasonable  amount. 

C  It  is  with  the  idea  of  furthering  this  great  cause  of  Fire 
Prevention,  and  of  bringing  to  the  attention  of  the  general 
public  the  true  function  of  Fire  Insurance,  its  relation  to  Fire 
Prevention,  and  the  methods  which  are  used,  that  this  work 
has  been  published.  The  literature  on  the  subject,  particularly 
along  non-technical  lines,  has  been  very  meager  and  it  is 
hoped  that  this  Cyclopedia  will  satisfy  a  long-felt  want. 

C  The  appreciation  of  the  publishers  is  here  expressed  to  the 
authors  and  collaborators— ^engineers,  architects,  underwriters, 
practical  insurance  men  of  wide  experience,  and  teachers  of 
recognized  ability  — for  their  counsel  and  guidance  in  the  prep- 
aration of  this  work. 
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CHEMISTRY  OF  COMBUSTION 

INTRODUCTORY  CHEMISTRY 

CONSTITUTION  OF  MATTER 

Whatever  has  weight  is  known  as  matter.  There  are  a  great 
many  kinds  of  matter;  and  different  kinds  of  matter  are  known  as 
substances.  Thus  air^  water^  wood^  coal,  iron,  and  rocks  are  all 
substances.  Matter  can  neither  be  created  nor  destroyed,  but  it 
IS  capable  of  undergoing  many  changes.  For  example,  when  water 
is  heated  sufficiently,  it  changes  from  a  liquid  to  a  vapor  known  as 
steam;  iron  when  strongly  heated  melts,  that  is,  changes  from  a 
solid  to  a  liquid;  again,  when  iron  is  allowed  to  remain  in  moist 
air  it  soon  begins  to  change  to  a  reddish-brown  substance  known 
as  rust. 

Physical  and  Chemical  Changes.  The  change  which  iron 
undergoes  when  it  is  melted  is  of  a  different  order  from  the  change 
which  it  undergoes  when  exposed  to  moist  air.  In  the  former 
case  the  change  is  temporary,  and  the  iron  remains  iron;  when  al- 
lowed to  cool  it  again  becomes  solid.  On  the  other  hand  when 
iron  is  exposed  to  moist  air,  it  undergoes  a  permanent  change,  being 
converted  into  a  substance  essentially  different  from  iron.  Changes 
in  which  the  composition  of  a  substance  is  changed  are  called  chem- 
ical changes,  while  changes  which  do  not  affect  the  composition 
of  substances  are  called  physical  changes.  Thus,  when  water  is 
changed  from  ice  to  a  liquid,  or  from  a  liquid  to  steam,  the  change 
which  it  undergoes  is  physical;  in  both  cases  it  obviously  under- 
goes a  change,  but  still  remains  water.  It  may  be  heated  and 
cooled  again  and  again,  without  undergoing  any  permanent  change, 
or  change  in  composition.  However,  when  a  current  of  electricity  is 
passed  through  water  it  undergoes  a  chemical  change,  the  water  being 
broken  down  into  two  gaseous  substances,  known  as  hydrogen  and 
oxygen;  these  two  gases  have  properties  different  from  those  of 
water,  and  when  left  to  themselves  they  do  not  again  become  water. 
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2  CHEMISTRY  OF  COMBUSTION 

Another  example  of  a  chemical  change  is  aiforded  by  a  burning 
match;  when  the  match  burns  it  evidently  undergoes  a  permanent 
change  as  some  of  the  solid  constituents  are  changed  into  gaseous 
substances  which  will  not  bum,  but  are  endowed  ^dth  properties 
different  from  those  of  the  original  substance.  All  substances 
undergo  changes  in  composition  when  they  burn. 

It  is  thus  seen  that  the  changes  which  various  kinds  of  matter 
are  capable  of  undergoing  are  divided  into  two  general  classes, 
namely,  chemical  and  physical. 

Chemistry  is  the  science  which  treats  of  the  chemical  changes 
which  matter  is  capable  of  undergoing,  while  physics  is  the  science 
which  treats  of  the  physical  changes  of  matter.  These  two  classes 
of  changes  in  matter  are,  however,  so  closely  related  that  they 
cannot  be  studied  independently;  the  two  sciences,  chemistry  and 
physics,  are,  therefore,  strictly  speaking,  inseparable.  Chemical 
changes  are  always  accompanied  by  physical  changes;  and  physical 
changes  ver>'  often  serve  to  show  that  a  chemical  change  has  taken 
place  or  is  in  progress.  A  certain  class  of  chemical  changes  which 
matter  undergoes,  and  which  is  accompanied  by  the  evolution  of 
heat  and  light  (fires),  forms  the  principal  subject  matter  of  this 
book.  As  combustion  is  the  term  applied  to  this  class  of  changes, 
it  is  obvious  that  the  chemistry  of  combustion  involves  a  study 
of  both  chemical  and  physical  changes;  and  in  order  to  study  it 
intelligently  it  is  necessary  to  have  a  certain  amount  of  knowledge 
of  general  chemistry,  particularly  the  meanings  of  many  indispen- 
sable technical  terms  used  by  the  chemist  and  physicist  to  denote 
certain  general  truths  which  hold  good  for  all  kinds  of  chemical 
action. 

Elements.  As  already  stated  water  may  be  broken  down  or 
changed  chemically  into  two  gases,  hydrogen  and  oxygen,  and  this 
change  or  decomposition  may  be  accomplished  in  several  ways. 
It  is  also  found  that  when  these  two  constituent  gases  are  brought 
together  under  the  proper  conditions  they  can  be  caused  to  unite 
and  form  water.  No  matter  by  what  means  water  is  decomposed, 
or  how  many  times  it  is  decomposed  and  again  formed  by  causing 
hydrogen  and  oxygen  to  unite,  the  two  and  only  two  substances 
found  to  compose  it  are  hydrogen  and  oxygen.  These  two  sub- 
stances cannot  by  any  means  now  known  be  broken  down  or  decom- 
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TABLE  I 

Names,  Symbols,  Atomic  and  Molecular  Weights,  and  Physical  Condition 
at  Ordinary  Temperatures  of  the  More  Important  Elements 
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I 
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More Exact 
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Symbol 

mate 
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mate  Mo- 

dition at  Or- 

1 

Atomic 

Weisht 
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dinary  Tem- 
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T  w  ^a  ^^  aa  v 

Weight 
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Aluminum 

Al 

27 

27.1 

Sotid 

Antimony 

Sb 

120 

120.2 

SoUd 

Arsenic 

As 

75 

75.0 

300 

Solid 

Barium 

Ba 

137 

137.4 

Solid 

Bismuth 

Bi 

208.5 

208.5 

Solid 

Boron 

B 

11 

11.0 

Solid 

Bromine 

Br 

80 

79.96 

160 

Liquid 

Calcium 

Ca 

40 

40.1 

SoUd 

Carbon 

C 

12 

12.0 

SoUd 

Chlorine 

CI 

35.5 

35.45 

71 

Gas 

Chromium 

Cr 

52 

52.1 

Solid 

Cobalt 

Co 

59 

59.0 

Solid 

Copper 

Cu 

63 

63.6 

SoUd 

Fluorine 

F 

19 

19.0 

Gas 

Gold 

Au 

197 

197.2 

SoUd 

Hydrogen 

H 

1 

1.008 

2 

Gas 

Iodine 

I 
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126.97 
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SoUd 

Iridium 

Ir 
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193.0 

SoUd 
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Fe 

56 

55.9 

SoUd 
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Pb 
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206.9 

SoUd 

Lithium 

Li 

7 

7.03 

SoUd 

Magnesium 

Mg 

24 

24.36 

SoUd 

Manganese 

Mn 

55 

55.0 

Solid 

Mercury 

Hg 

200 

200.0 

200 

Liquid 

Nickel 

Ni 

59 

58.7 

SoUd 

Nitrogen 

N 

14 

14.04 

28 

Gas 

Oxygen 

0 

16 

16.0 

32 

Gas 

Phosphorus 

P 

31 

31.0 

124 

SoUd 

Platinum 

Pt 

195 

194.8 

SoUd 

Potassium 

K 

39 

39.15 

SoUd 

Silicon 

Si 

28 

28.4 

SoUd 

Silver 

Ag 

108 

107 . 93 

SoUd 

Sodium 

Na 

23 

23.05 

Solid 

1 

Strontium 

Sr 

87 

87.6 

Solid 

Sulphur 

S 

32 

32.06 

36 

Solid 

Tantalum 

Ta 

183 

188 

SoUd 

Tellurium 

Te 

127 

127.6 

255 

Solid 

Thorium 

Th 

232 

232.5 

Solid 

Tin 

Sn 

119 

119 

SoUd 

Tungsten 

W 

184 

184 

SoUd 

Zinc 

Zn 

1 

65 

1 

65.4 

1 

SoUd 
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posed  into  any  other  substances.  Nothing  but  hydrogen  can  be 
obtained  from  hydrogen,  and  nothing  but  oxygen  can  be  obtained 
from  oxygen;  in  other  words  hydrogen  and  oxygen  are  regarded  as 
simple  or  demeniary  substances.  There  are  alt^ut  seventy  such 
simple  or  elementary  substances  called  elements.  Whether  or  not 
they  are  composed  of  simpler  kinds  of  matter  is  not  known  posi- 
tively — ^possibly  some  of  them  are — but  at  any  rate  they  cannot 
at  the  present  time  by  any  known  means,  be  decomposed  or  con- 
verted into  simpler  ones.  Just  as  water  is  a  complex  substance, 
being  made  up  of  the  elements,  hydrogen  and  oxygen^  so  most  of 
the  substances  which  come  under  our  observation  are  complex, 
being  made  up  of  two,  three,  four,  or  five  elements.  Many  of  the 
elements  are  rare,  and  only  about  twelve  are  found  to  be  among 
those  which  enter  into  the  composition  of  most  of  the  substances 
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Fig.  1.  Hydrogen  Molecules 


Fig.  2.  Oxygen  Molecules 


Fig.  3.  Moleoulea  of  Water 


with  wh'ch  we  have  to  deal.     In  Table  I  is  given  a  list  of  the  more 
important  elements. 

Molecules  and  Atoms.  The  elements,  and  the  substances  of 
which  they  enter  into  the  composition,  are  regarded  as  being  made 
up  of  very  small  particles.  Thus,  hydrogen  is  made  up  of  very  small 
particles  of  hydrogen,  and  oxj'gen  of  very  small  particles  of  oxj'geh, 
and  water  of  very  small  particles  of  water.  If  any  given  amount 
of  water  were  divided  and  subdivided  and  so  on,  it  is  considered 
that  finally  very  small  particles  of  water  would  be  obtained,  which 
are  themselves  made  up  of  two  still  smaller  particles  of  hydrogen 
and  oxygen  united  together  very  closely.  The  smallest  particle  of 
water  which  it  would  be  possible  to  obtain  would  always  be  found 
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to  consist  of  two  particles  of  hydrogen  and  one  partide  of  oxj^gen. 
Such  a  particle  ot  water  is  called  a  vudeeuie,  and  the  smaUer  par- 
ticles of  hydrogen  and  oxygen  composing  thb  molecule  are  called 
tttoTna.  Tlius,  all  matter,  whether  it  be  in  the  solid,  liquid,  or  gas- 
eous form,  is  regarded  as  being  made  up  of  very  small  aggregations 
of  minute  particles,  or  molecules,  which  are  themselves  made  up  of 
indivisible  particles,  or  atoms.  All  the  molecules  of  one  kind  of  a 
substance  are  exactly  alike,  but  quite  different  from  the  molecules  of 
all  other  substances.  The  molecules  of  substances  made  up  of 
more  than  one  element  consist  of  atoms  of  different  kinds,  while 
the  molecules  of  elements  consist  of  atoms  of  the  same  kind. 

These  conceptions  are  illustrated  graphically  in  Figs.  1,  2,  and 
3.  In  Fig.  1,  the  combination  of  small  circles  represents  molecules 
of  bydrogeo,  each  circle  representing  an  atom  of  hydrogen.  In 
Fig.  2,  the  molecules  of  oxygen  are  represented.     In  Fig.  3,  the 
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F)|.  1,    FhMphoraa  Molecult) 


Fl|.  5.    Polauium  Molacuka 


combination  of  circles  represents  molecules  of  water,  each  one  of 
which  is  composed  of  an  atom  of  oxygen  and  two  atoms  of  hydrogen. 
The  molecules  of  most  of  the  elements  consist  of  two  atoms, 
as  is  the  case  with  hydrogen  and  oxygen.  In  the  elements  cad- 
mium, mercury,  potassium,  sodium,  and  zinc,  the  molecules  con- 
sist of  only  one  atom,  hence,  the  terms  molecule  and  atom  mean  the 
rame  when  applied  to  these  elements.  In  the  case  of  arsenic  and 
phosphorus,  the  molecules  consist  of  four  atoms.  The  smallest  body 
of  phosphorus  P  that  could  exist  alone,  therefore,  would  consist 
of  four  smaller  particles  of  phosphorus  (atoms)  united  together, 
as  shown  graphically  in  Fig.  4.  If  these  molecules  are  split  up,  the 
atoms  immediately  unite  again  with  themselves  or  some  other 
substance.    In  the  case  of  potassium,  however,  the  atoms  i 
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single^  when  among  themselves^  as  shown  in  Fig.  5.  The  actual 
size  of  a  molecule  has  never  been  determined  but  it  is  certain  that 
it  is  extremely  minute. 

The  above  conceptions  of  atoms  and  molecules  form  a  working 
basis  for  studying  the  chemical  changes  which  matter  undergoes, 
and  it  is  highly  important  that  a  clear  understanding  of  them  be 
obtained  at  the  outset.  The  student  should  bear  in  mind  that 
the  terms,  atom  and  molecule,  are  in  constant  use  among  chemists, 
as  these  terms  are  chemical  units,  so  to  speak,  and  greatly  aid  in  the 
intelligent  and  systematic  study  of  chemical  changes.  Whether  or  not 
these  conceptions  as  to  atoms  and  molecules  are  absolutely  true 
is  of  no  practical  consequence;  they  form  the  best  theor}'  as  yet 
advanced  to  account  for  the  chemical  behavior  of  matter,  and  the 
fact  remains  that  if  matter  were  so  constituted  as  indicated,  it 
would  appear  to  us  as  it  now  does. 

Compounds  and  Mechanical  Mixtures.  •  We  have  already  seen 
that  the  molecules  of  one  kind  of  a  substance  are  always  exactly 
alike;  but  that  the  atoms  which  compose  the  molecules  of  a  sub- 
stance may  or  may  not  be  alike;  thus,  the  atoms  of  oxygen  molecules 
are  all  alike,  while  the  atoms  of  the  molecules  of  water  are  of  two 
kinds,  namely,  hydrogen  and  ox}'gen.  A  substance  made  up  of 
molecules  having  different  kinds  of  atoms,  as  is  th£  case  with  water, 
is  called  a  compound;  hence,  water  is  a  compound.  Carbon  mon- 
oxide is  another  compound,  as  its  molecules  consist  of  carbon  and 
ox^'^gen  atoms. 

Accordingly,  matter  may  be  divided  into  two  general  classes, 
elements  and  compounds.  The  compounds  are  made  up  of  two 
or  more  dissimilar  elements,  and  while  there  are  only  about  thirty 
of  the  elements  which  are  of  a  high  degree  of  importance,  the  num- 
ber of  very  important  compounds  runs  into  the  thousands,  and  the 
total  number  is  practically  infinite.  The  compounds  can  all  be 
broken  down,  or  decomposed,  into  the  elements  which  compose  them; 
and  just  as  many  different  kinds  of  matter  may  be  obtained  from  a 
compound  as  there  are  different  kinds  of  atoms  present. 

When  different  kinds  of  substances  are  brought  in  contact 
they  may  remain  associated  together  without  undergoing  any  chem- 
ical change;  or,  on  the  other  hand,  they  may  enter  into  combina- 
tion with*  each  other,  forming  a  substance  differing  in  properties 
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Fig.  6.  Mechanical  Mix- 
ture of  Hydrogen  and 
Oxygea 


from  the  original  substances.    When  hydrogen  and  ox>'gen,  for 
example^   are   brought   together  at   ordmary   temperatures,   they 
simply  remain  mixed^  no  chemical  change  resulting.    However,  if 
the  mixture  is  heated,  a  remarkable  change  takes  place,  resulting 
in  the  formation  of  the  compound  water.    It  is  now  no  longer  a 
mixture  of  hydrogen"^and  oxygen  gases,  but  a  chemical  compound. 
Before  heat  was  applied  the  molecules  of  hy- 
drogen and  oxygen  merely  mingled  together, 
and    each    remained    unchanged.    When  sub- 
stances remain  in  close  association  without  los- 
ing   their  identity,    that    is  to  say,  without 
entering   into   chemical    union,    the   result   is 
said  to  be  a  mechanical  mixture.    A  mechanical 
mixture  of  hydrogen  and  oxygen  is  represented 
graphically  in  Fig.  6;    compare  with  Figs.  1,  2, 
and  3.   Sulphur  and  iron  filings  may  be  mixed 
as   intimately  as   possible   by  grinding   them 
together,    but   at   ordinary    temperatures    no 
chemical  union  between  the  iron  and  sulphur  takes  place,  and  they 
remain  associated  together  without  losing  their  properties.     The 
result   is,   therefore,   a   mechanical   mixture.      The   iron   can   be 
separated  from  the  ^mixture  by  means  of  a  magnet.    The  sulphur 
can  be  removed  by  means  of  carbon  disulphide.    However,  if  the 
mixture  is  heated,  a  chemical  change  takes  place,  the  molecules  of 
sulphur  combining  with  the  molecules  of  iron;  thus,  a  new  substance 
is  formed,  which  is  a  compound  of  iron  and 
sulphur,  but  with  properties  quite  different. 

ExPERniENT  1.  Apparatus  required:  Two 
or  three  small  glass  test-tubes  about  6  inches 
in  length;  a  burner,  preferably  a  bunsen  burn- 
er, connected  by  flexible  tubing  with  a  gas 
supply;  a  steel  magnet. 

Chemicals  required :  A  small  quantity  of  sul- 
phur and  iron  filings.  

Powder  the  sulphur.     Place  a  little  on  a  small 

piece  of  steel  or  iron,   and  heat  the  sulphur 

till  it  takes  fire.  Note  the  color  of  the  flame  and 

the  irritating  odor.     Have  the  sulphur  dry  and  try  the  magnet  on  it. 

Mix  intimately  equal  quantities  of  the  sulphur  and  iron  filings.  Study  this 


Fig.  7.    Method  of  Heatinic 
Sulphur  and  Iron 
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mixture  carefully.  Divide  it  into  two  portions;  try  the  magnet  on  one 
portion.  Place  the  other  portion  in  a  test-tube,  and  heat  it  gradually, 
Fig.  7.  Watch  the  behavior  of  the  mixture  during  the  heating.  Continue 
the  heating  till  the  mass  begins  to  glow.  Heat  for  a  second  or  two 
longer.  Remove  from  the  flame.  Let  it  cool;  break  the  tube.  Ex- 
amine the  contents  closely.  The  mass  will  be  found  now  to  have  a 
bluish-black  color.  It  no  longer  looks  like  a  mixture  of  sulphur  and 
iron.  There  may  be  a  little  sulphur  or  iron  left  because  sulphur 
and  iron  combine  chemically,  as  will  be  learned  later,  in  a  certain  defi- 
nite proportion,  and  if,  before  it  is  heated,  there  is  an  excess  of 
either  iron  or  sulphur  in  the  mixture  beyond  the  combining  propor- 
tion, this  excess  is  left  over  at  the  end  of  the  experiment.  However, 
most  of  the  moss  will  be  found  to  be  neither  iron  nor  sulphur. 
Break  up  the  mass  and  note  whether  or  not  the  magnet  attracts  it. 
The_  compound  formed  is  known  as  iron  sulphide. 

CHEMICAL  ACTION 

When  the  elements,  hydrogen  and  oxj'gen,  combine  chemically, 
forming  the  compound,  water,  the  weight  of  water  formed  is  exactly 
the  same  as  the  weight  of  hydrogen  and  oxygen  taking  part  in  the 
change.  Hence,  the  change  which  takes  place  is  not  in  the  amount 
of  matter,  but  in  the  composition  of  matter,  and  is,  therefore,  as 
we  have  learned,  a  chemical  change.  The  atoms  of  one  element 
have  united  with  the  atoms  of  another  element,  and  molecules  of 
a  different  order  from  those  of  hydrogen  or  oxjgen  have  been  formed. 
This  process  or  rearrangement  of  the  atoms  which  takes  place  when 
matter  undergoes  a  chemical  change  is  termed  chemical  action. 
Chemical  actions  are  also  called  chemical  reactions. 

In  Experiment  1,  when  the  sulphur  was  heated  it  took  fire  and 
burned,  forming  a  pungent  gas.  In  other  words,  a  chemical  reaction 
occurred  in  which  atoms  of  sulphur  united  with  atoms  of  the  ox>'gen 
of  the  air  and  formed  molecules  of  sulphur  dioxide. 

Chemical  reactions,  in  general,  are  of  two  kinds — chemical 
combination  and  decomposition. 

Chemical  Combination.  Chemical  combination  is  the  uniting 
of  elements  or  compounds  or  both  to  form  one  or  more  compounds. 
Examples  of  this  kind  of  chemical  action  are  furnished  by  the  forma- 
tion of  water  by  the  union  of  hydrogen  and  oxygen;  of  sulphur 
dioxide  by  the  combination  of  sulphur  and  oxygen;  and  of  iron  sulphide 
by  the  combination  of  iron  and  sulphur.  ^lost  fires  are  chemical 
reactions  of  this  order. 
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DecoiiqK>sltioii.  Decomposition  is  the  breaking  down  of  com- 
pounds into  elements  or  simple  compounds.  Examples  are  afforded 
by  the  decomposition  of  water  into  hydrogen  and  ox\'gen  by  the 
electric  current;  and  by  the  breaking  down  of  potassium  chlorate 
by  heat  into  potassium  chloride  and  oxygen,  as  will  be  shown  later. 
In  many  cases  of  chemical  reactions  both  combination  and  decom- 
position occur. 

The  process  of  producing  a  compound  by  bringing  certain 
elements  together  so  that  they  will  combine  chemically,  is  termed 
synthesis. 

The  process  of  determining  the  constituents  of  a  compound  by 
decomposing  it,  is  termed  analysis. 

Cause  of  Chemical  Action.  That  power  which  causes  the 
atoms  to  unite  to  form  compounds,  is  termed  chemical  affinity.  It 
is  regarded  as  an  attractive  force  exerted  by  the  atoms  of  the  differ- 
ent elements  which  are  endowed  by  nature  with  this  tendency  to 
combine.  The  atoms  of  each  element  have  affinities  which  are 
different  from  the  affinities  possessed  by  the  atoms  of  other  ele- 
ments. In  other  words,  the  atoms  may  be  regarded  as  having  a 
selective  power.  Under  certain  conditions  the  affinities  of  certain 
atoms  are  exerted,  and  under  other  conditions  they  are  not.  The 
application  of  heat  usually  causes  the  affinities  of  most  elements  to 
operate.  Thus,  in  Experiment  1,  when  the  mixture  of  sulphur  and 
iron  was  heated,  the  affinity  of  the  sulphur  atoms  for  the  iron  atoms 
was  exerted,  and  caused  the  chemical  reaction  which  resulted  in 
the  formation  of  iron  sulphide.  Again,  at  ordinary'  temperatures 
the  affinity  of  the  oxygen  of  the  air  for  sulphur  is  not  exerted,  but 
as  soon  as  the  sulphur  is  heated  sufficiently,  the  affinity  is  exerted, 
and  causes  the  chemical  reaction  to  take  place,  which,  as  we  have 
seen,  consists  in  the  burning  of  the  sulphur. 

Cause  of  Stability  of  Molecules.  Chemical  affinity  not  only 
causes  chemical  reaction  to  occur,  but  it  holds  together  the  atoms 
of  the  molecules  of  compounds;  if  this  power  should  cease  to  ope- 
rate, the  compounds  would  be  resolved  or  decomposed  into  their 
elements.  For  example,  when  a  current  of  electricity  is  passed 
through  the  compound  water,  the  affinities  of  oxygen  and  hydrogen 
atoms  cease  to  operate  and  as  a  result,  decomposition  of  the  water  into 
its  elements  ensues.    In  some  cases  the  application  of  sufficient 


19 


10  CHEMISTRY  OF  COMBUSTION 

heat  causes  the  affinities  of  certain  elements  to  cease  to  operate, 
and,  therefore,  certain  compounds  may  be  decomposed  by  heat. 

Catalytic  Actions.  Strange  as  it  may  seem,  the  presence  of  a 
third  substance  is  essential  to  the  occurrence  of  certain  chemical 
reactions,  owing  to  the  fact  that  the  affinities  of  the  atoms  of  certain 
elements  are  not  exerted  except  in  the  presence  of  some  third  sub- 
stance, which,  however,  apparently  remains  unchanged.  Such  reac- 
tions as  these  are  often  designated  as  catalytic  actions.  For  ex- 
ample, the  elements,  sodium  and  chlorine,  have  strong  affinities 
for  each  other  under  common  conditions  (even  at  ordinary  tem- 
peratures), and,  under  these  common  conditions,  they  combine, 
forming  the  compound,  sodium  chloride,  known  as  common  salt. 
However,  under  common  conditions  a  certain  amount  of  moisture 
b  always  present;  if  this  moisture  be  removed  and  the  sodium  and 
chlorine  be  brought  together  under  perfectly  drj'  conditions,  no 
chemical  reaction  occurs,  showing  that  the  affinities  of  the  atoms 
of  chlorine  and  sodium  for  each  other  do  not  operate  when  alone 
together  and  perfectly  dry.  The  w^ay  in  which  the  presence  of 
moisture  affects  the  affinities  of  atoms  is  not  known,    r 

Nascent  State.  When  the  atoms  are  liberated  from  a  com- 
pound by  chemical  action  (decomposition),  they  are  said  to  be  in 
the  nascent  state  at  the  moment  the  uncombined  atoms  are  first 
liberated.  Certain  elements,  at  the  instant  they  are  set  free  from 
a  compound,  that  is  to  say,  w^hen  they  are  in  the  nascent  state, 
exert  a  powerful  affinity  for  certain  substances  toward  which  these 
same  elements  may  show  no  chemical  affinity  under  ordinar>^  con- 
ditions. Thus,  hydrogen  when  brought  in  contact  with  many  sub- 
stances under  ordinary  conditions  does  not  show  any  tendency  to 
react  with  them.  But  if  hydrogen  is  brought  in  contact  with  some 
of  these  substances  at  the  instant  it  is  set  free  from  a  compound 
(even  at  ordinary  temperatures)  it  shows  a  strong  affinity,  and  read- 
ily enters  into  chemical  combination.  Many  substances  are  in 
contact  with  the  oxygen  of  the  air,  but  no  action  takes  place  at 
ordinary  temperatures,  because  the  affinity  of  the  ox>'gen  does  not 
operate.  There  are,  however,  certain  compounds  of  oxygen  which 
readily  liberate  oxygen,  and  these  compounds  (carriers  of  oxygen) 
may  cause  fire,  as  we  shall  see,  because  they  supply  oxygen  in  the  nas- 
cent state,  in  which  it  unites  readily  with  many  substances. 
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Valence.  Tliat  power  which  determines  the  number  of  other 
atoms  with  which  an  atom  may  unite  is  termed  its  valence;  it  must 
not  be  confused  with  the  strength  or  intensity  of  the  affinity  of  an 
atom.  The  valence  of  an  element,  therefore,  determines  how  many 
atoms  of  any  element  may  combine  with  those  of  any  other  element. 
The  atom  of  chlorine  combines  with  only  one  atom  of  hydrogen, 
and,  therefore,  there  is  only  one  compound  of  hydrogen  and  chlo- 
rine, namely,  hydrochloric  acid,  HCl.  An  atom  of  ox^'gen  can 
combine  with  two  of  hydrogen,  as  it  does  in  the  compound  water, 
HiO.  One  atom  of  nitrogen  can  combine  with  three  of  hydrogen, 
as  is  shown  by  the  compound  ammonia,  NH,.  One  atom  of  carbon 
can  unite  with  four  atoms  of  hydrogen  to  form  the  compound  methane, 
CH^.  An  element  like  chlorine  or  hydrogen  is  called  a  univalent 
element;  while  an  element  like  oxygen  whose  atom  can  combine 
with  two  atoms  of  hydrogen,  is  termed  a  bivalent  element.  Nitro- 
gen is  accordingly  spoken  of  as  a  triwlent  element,  and  carbon  as  a 
quadrvoalent  element.  The  valence  of  elements  toward  hydrogen 
is  generally  constant,  but  toward  many  other  elements  it  varies. 

Chemical  Affinity  and  Molecular  Fofx:es.  It  is  important 
that  a  clear  distinction  be  made  between  chemical  affinity  and 
those  physical  forces  which  control  the  molecules.  The  force  which 
holds  the  molecules  of  a  solid  together — cohesion — and  that  which 
causes  the  molecules  of  a  gas  to  fly  apart — due  to  molecular  motions — 
are  regarded  as  physical  forces,  and  must  not  be  confused  with 
chemical  affinity,  which  controls  the  atoms.  For  example,  the 
force  which  holds  the  molecules  of  a  piece  of  ice  together  at  freez- 
ing temperatures  so  that  it  is  hard  and  brittle  is  quite  different 
from  the  force  (chemical  affinity)  which  holds  the  atoms  of  hydro- 
gen and  oxygen  united.  Accordingly,  when  the  ice  is  heated,  the 
affinity  of  the  atom  is  not  affected  and  the  compound  still  exists, 
but  the  force  of  attraction  between  the  molecules  is  affected  to 
such  an  extent  that  it  admits  of  a  change  in  the  form  of  the  water, 
viz,  from  the  solid  form  to  the  liquid  form. 

ATOMIC  AND  MOLECULAR  WEIGHTS 

One  of  the  most  characteristic  properties  of  atoms  is  that  of 
weight,  and  although  the  absolute  weights  of  the  atoms  and  mole- 
cules can  only  be  estimated,  yet  it  is  known  from  chemical  con- 
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siderations  that  they  have  definite  weights.  On  the  other  hand,  the 
relative  weights  of  the  various  atoms  have  been  determined,  and  are 
known  as  atomic  weights. 

The  atomic  weights  are  universally  referred  to  the  oxygen 
standard,  in  which  the  atomic  weight  of  oxygen  is  taken  as  16  units; 
that  b  to  say,  the  unit  of  weight  of  the  system  has  been  arbitrarily 
fixed  as  one-sixteenth  the  weight  of  an  atom  of  oxygen.  The  atomic 
weight  of  hydrogen  is  approximately  one-sixteenth  the  atomic 
weight  of  oxygen,  or  unity.  Accordingly  the  atomic  weight  of 
hydrogen  is  often  referred  to  as  the  unit  in  less  exact  systems.  \Mien 
we  say  the  atomic  weight  of  carbon  is  12,  we  mean  that  the  atoms 
of  carbon  weigh  twelve  times  as  much  as  one-sixteenth  of  the  weight 
of  oxygen  atoms.  Roughly  the  atomic  weight  of  carbon  is  twelve 
times  that  of  hydrogen  (1.008). 

The  atomic  weights  are  abstract  numbers,  and  accordingly 
represent  any  units  of  weight  chosen,  such  as  pounds,  grams  or 
grains.  Thus,  the  atomic  weight  of  carbon,  12,  means  12  grams 
or  12  grains  or  12  pounds  according  to  the  units  of  weight  chosen. 
In  other  words,  it  expresses  the  fact  that  if  a  certain  number  of  hydro- 
gen atoms  weigh  1  gram,  the  same  number  of  carbon  atoms  weigh 
12  grams,  or  if  a  certain  number  of  hydrogen  atoms  weigh  1  pound, 
the  same  number  of  carbon  atoms  weigh  12  pounds. 

The  relative  weight  of  a  molecule  is  the  sum  of  the  relative 
weights  of  the  atoms  composing  it.  Thus,  when  the  molecule  of 
an  element  consists  of  two  atoms,  the  molecular  weight  of  that  ele- 
ment is  twice  the  atomic  weight. 

Table  I  gives  the  atomic  weights  of  some  of  the  more  important 
elements,  and  also  a  number  of  molecular  weights. 

CHEMICAL  SYMBOLS 

We  have  learned  that  when  one  substance  acts  upon  another, 
a  rearrangement  of  the  atoms  takes  place;  to  represent  the  results 
of  such  chemical  action  certain  symbols  are  used  to  represent  atoms, 
molecules,  and  chemical  changes,  a  method  which  is  verj'  conven- 
ient and  which  cannot  well  be  dispensed  with. 

Atomic.  The  symbols  for  the  atoms  of  the  more  important 
elements  are  found  in  Table  I.  It  should  clearly  be  understood 
at  the  outset  that  the  symbol  of  an  element  is  not  only  an  abbrevi- 
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ation,  but  denotes  a  single  atom;  thus,  H  not  only  stands  for  the 
element  hydrogen,  but  denotes  one  atom  of  hydrogen;  S  stands  for 
one  atom  of  sulphur;  and  O  stands  for  one  atom  of  oxygen. 

Molecular.  (Compounds).  The  molecule  of  an  element  is 
represented  by  the  symbol  of  the  element,  followed  by  a  small 
numeral  which  indicates  the  number  of  atoms  in  the  molecule  rep- 
resented; thus,  as  the  molecule  of  hydrogen  consists  of  two  atoms 
of  hydrogen,  Ha  represents  a  molecule  of  hydrogen.  If  the  mole- 
cule of  hydrogen  consisted  of  three  atoms,  then,  the  symbol  H, 
would  be  used  to  represent  it.  As  a  molecule  of  the  element  oxygen  , 
consists  of  two  atoms,  Oj  is  used  to  represent  it.  P^  represents  a 
molecule  of  phosphorus,  which,  as  we  have  seen,  consists  of  four 
atoms.  The  molecules  of  the  elements,  sodium,  potassium,  mercury, 
and  zinc,  consist  of  a  single  atom,  and  are  accordingly  indicated  by 
the  symbols  Na,  K,  Hg,  and  Zn.  (The  small  numeral  1  being 
omitted.) 

A  molecule  consisting  of  different  kinds  of  atoms — that  is,  a 
compound — is  represented  by  the  united  symbob  of  the  constituent 
atoms.  Thus,  a  molecule  of  the  compound  sodium  chloride,  which 
consists  of  one  atom  of  sodium  combined  with  one  atom  of  chlorine, 
is  represented  by  the  united  symbols  of  sodium  and  chlorine,  NaCl. 

When  a  molecule  of  a  compound  contains  more  than  one  atom 
of  the  same  element  a  small  numeral  of  the  proper  denomination 
b  placed  immediately  after  the  symbol  of  the  atoms  present  in  plural 
number.  For  example,  a  molecule  of  water,  which  consists  of  two 
atoms  of  hydrogen  and  one  atom  of  oxj'gen,  is  represented  by  H2O. 
A  molecule  of  anmionia  consists  of  an  atom  of  nitrogen  united  with 
three  atoms  of  hydrogen  and  is  accordingly  represented  by  the 
united  symbob  NHs  (or  H,N). 

A  group  of  more  than  one  molecule  of  an  element  or  of  a  com- 
pound b  represented  by  placing  a  numeral  inmaediately  before  the 
symbol  of  the  molecule.  Thus,  two  molecules  of  water  are  denoted 
by  2H2O.  3H2O,  therefore,  represents  three  molecules  of  water; 
2NaCl  represents  two  molecules  of  sodium  chloride;  4NH3  repre- 
sents four  molecules  of  anunonia;  2O2  represents  two  molecules  of 
oxygen. 

Certain  groups  of  atoms,  as  NH^  and  OH,  are  found  in  many 
different  molecules,  and  are  often  called  radicals.    They  are  often 
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enclosed  by  means  of  parentheses  or  brackets.  Thus,  calcium 
hydroxide  (slaked  lime)  is  usually  represented  by  Ca(0H)2  instead 
of  by  CaOsHa.  This  compound  consists  of  one  atom  of  calcium 
united  with  two  atoms  of  ox^'gen  and  hydrogen.  It  is  seen  that  in 
the  molecule  of  calcium  hydroxide  the  OH  group  occurs  twice. 
When  such  groups  occur  only  once  in  a  molecule,  they  are  not  usually 
set  off  in  parentheses  or  brackets;  thus,  sodium  hydroxide  is  repre- 
sented by  NaOH;  potassium  hydroxide  by  KOH.  NH^Cl  repre- 
sents ammonium  chloride;  consisting  of  the  group,  NH^:  one  atom 
of  nitrogen,  with  four  atoms  of  hydrogen  (a  radical),  and  also  one 
atom  of  chlorine. 

Formulas.  The  united  symbols  representing  a  molecule  of  a 
compound  are  known  as  the  formula  for  that  compound;  for  exam- 
ple, HjO  is  the  formula  for  water. 

Chemical  Equations.  As  stated  above,  the  symbols  are  used 
in  expressions  to  represent  the  results  of  chemical  reactions.  Such 
expressions  are  known  as  chemical  equations. 

Suppose  it  is  desired  to  represent  what  takes  place  when  carbon 
burns  in  the  air.  AVhen  carbon  burns,  one  atom  of  carbon  unites 
with  two  atoms  (a  molecule)  of  oxygen,  forming  a  molecule  of  the 
gas,  carbon  dioxide.  Carbon  dioxide  consists  of  one  atom  of  carbon 
combined  with  two  atoms  of  oxygen,  CO2.  The  reaction  is  repre- 
sented in  an  equation  thus,  C+02=C02.  In  \^Titing  chemical 
equations,  the  symbols  of  the  substances  (formulas)  taking  part  in 
the  reaction  are  placed  on  the  left  side  of  the  equation,  and  the 
symbols  of  the  substances  formed  by  the  reaction  are  placed  upon, 
the  right.  When  sulphur  burns  in  the  air  the  atoms  of  sulphur 
unite  with  the  atoms  of  oxygen  of  the  air  and  the  gas,  sulphur  dioxide, 
is  formed;  this  reaction  is  acconlingly  represented  by  the  equation 

S+02=S02. 

CERTAIN   LAWS  OF  MATTER 

Indestructibility  of  Matter.  Matter  can  neither  be  created  nor 
destroyed.  This  is  the  fundamental  law  on  which  the  science  of 
chemistry  is  based,  and  shows  that  although  transformations  or 
changes  in  matter  may  be  brought  about  in  various  ways,  the  total 
amount  of  matter  after  any  transformation  or  change  is  the  same 
as  before.    Matter  may  apparently  disappear,  as  in  a  fire,  but  it 
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continues  to  exist  in  some  form.  For  example,  when  sulphur  burns 
it  unites  with  the  oxygen  of  the  air,  forming  an  invisible  gas,  but 
the  weight  of  the  gas  formed  b  always  equal  to  the  weight  of  the 
sulphur  burned,  plus  the  weight  of  the  oxygen  of  the  air  which  took 
part  in  the  reaction. 

Constant  Conqx)8ition.  The  same  compound,  whatever  its  origin, 
always  contains  the  same  kind  of  elemerUs  united  in  exactly  the  same 
proportions  by  weight.  This  b  also  known  as  the  law  of  definite 
proportions.  As  we  have  already  seen,  substances  may  be  present 
in  any  proportion  in  a  mechanical  mixture,  but  in  a  chemical  com- 
pound the  elements  are  invariably  combined  in  a  definite  propor- 
tion. For  example,  the  compound  water  always  consists  of  the 
two  elements,  hydrogen  and  oxygen,  combined  in  the  proportion  by 
weight,  of  1  to  8.  Water  may  be  made  synthetically  from  the 
elements  hydrogen  and  oxygen,  or  obtained  from  rivers,  springs, 
snow,  rain,  the  air,  wood,  or  by  burning  hydrogen,  but  no  matter 
how  obtained,  it  invariably  contains  the  same  two  elements  in  the 
same  proportions.  If  a  mixture  of  hydrogen  and  oxygen  contain- 
ing an  excess  of  dther  element  beyond  the  combining  proportion, 
be  prepared,  and  subjected  to  conditions  which  will  cause  chemical 
action  to  take  place,  every  sixteen  parts  by  weight  of  oxygen  present 
in  the  mixture  will  unite  with  two  parts  by  weight  of  hydrogen  to 
form  water,  and  the  excess  of  either  element  present  will  remain  un- 
acted upon. 

Some  elements  combine  with  each  other  to  form  more 
than  one  compound,  but  the  proportions  by  weight  in  each  com- 
pound are  constant.  For  example,  carbon  unites  with  oxygen, 
forming  the  inflanunable  gas,  carbon  monoxide,  CO,  in  the  propor- 
tion, 12  parts  by  weight  of  carbon  to  16  parts  by  weight  of  oxygen 
(1  to  1.3),  and  also  with  oxygen,  to  form  the  non-inflanmiable  gas, 
carbon  dioxide,  COa,  in  the  proportion,  12  parts  by  weight  of  carbon 
to  32  parts  by  weight  of  oxygen  (1  to  2.66).  Here  we  have  two 
distinct  compounds,  both  containing  C+0,  and  conforming  to  the 
general  law. 

CLASSIFICATION  OF  COMPOUNDS 

Acids.  An  acid  is  a  compound  which  contains  the  element 
hydrogen  in  combination  in  such  a  state  that  it  is  capable  of  being 
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replaced  by  a  metal;  the  hydrogen  is  in  combination  with  an  ele- 
ment or  group  of  elements,  usually  including  the  element  oxj'gen. 
Wlien  an  acid,  therefore,  reacts  with  a  metal,  ordinarily  the  metal 
takes. the  place  of  the  hydrogen  in  the  acid,  and  the  hydrogen  is 
liberated.  Thus,  when  sulphuric  acid  acts  on  the  metal  zinc,  hydro^ 
gen  is  evolved  and  the  zinc  takes  its  place,  forming  zinc  sulphate 
(a  salt).    The  reactbn  is  represented  by  the  equation 

Zn  +  IIoSO,  =  H^  +  ZnSO, 

• 

Acids  also  have  the  property  of  neutralizing,  that  is,  destroying 
the  characteristic  properties  of  a  class  of  compounds  called  bases. 
WTien  an  acid  and  base  are  brought  together,  in  the  proper  proper- 
tions,  the  characteristic  properties  of  the  acid  are  also  destroj'ed. 
Hence,  we  say  acids  and  bases  have  the  power  to  neutralize  each 
other.  Hydrochloric  acid,  HCl,  nitric  acid,  HNO,,  and  sulphuric 
acid,  HjSO^  are  ver\'  important  acids,  and  are  conunonly  tenced 
mineral  acids. 

Bases.  The  most  important  bases  are:  Sodium  hydroxide 
(soda),  NaOH,  potassium  hydroxide  (potash),  KOH,  and  calcium 
hydroxide  (slaked  lime),  Ca(0H)2. 

A  base  which  is  readily  soluble  in  water  is  often  called  an  alkali. 
Ammonia  in  solution  in  water  forms  the  hydroxide,  NH^OH,  which 
acts  like  a  base. 

As  stated  above,  when  an  acid  and  base  are  brought  together, 
they  neutralize  each  other.  Thus,  hydrochloric  acid  and  sodium 
hydroxide  combine  to  form  water  and  sodium  chloride: 

IICl  +  NaOH  =  XaCl  +  H2O 

A  base  has  properties,  therefore,  opposed  to  the  properties  of  an 
acid.  Acids  change  blue  litmus  (a  vegetable  blue)  to  red,  while 
bases  change  the  red  litmus  back  to  blue.  Bases  are  said,  therefore, 
to  have  an  alkaline  reaction,  while  acids  have  an  acid  reaction. 

Salts.  AMien  an  acid  and  base  react  with  each  other,  the  com- 
p)ound  formed  is  neither  an  acid  nor  base,  but  is  usually  termed  a 
salt.  Hence,  sodium  chloride,  XaCl,  is  a  salt.  In  addition,  the 
compound  formed  by  replacing  the  hydrogen  of  an  acid  with  a  metal 
is  termed  a  salt;  thus,  zinc  sulphate  is  a  salt.  Some  salts  are  neutral, 
that  is,  have  neither  acid  nor  basic  properties.     Many  salts,  how- 
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ever,  have  weak  acid  or  basic  properties,  and  are  accordingly  termed 
acid  salts,  or  basic  salts.  Salts  formed  by  the  action  of  HCl  on 
bases  or  metals  are  termed  chlorides,  and  likewise  salts  derived 
from  sulphmic  acid  are  termed  sulphates.  So  we  have  chlorides, 
sulphates,  nitrates,  and  many  other  classes  of  salts. 

There  are  many  compounds  which  are  neither  acids,  bases,  nor 
salts,  but  an  extended  treatment  of  this  subject  does  not  properly 
come  within  the  scope  of  this  book.  The  student  desiring  further 
information  along  the  above  lines  is  referred  to  more  general  works 
on  chembtry. 

PROPERTIES  OF  QASES 

Charles*  Law.  When  a  gas  is  heated  it  expands  or  increases 
in  volume;  conversely,  when  a  gas  is  cooled  it  contracts.  It  was 
found  by  Charles  that  cUl  gases  when  heated  increase  in  volume  to  the 
same  extent.  When  one  volume  of  any  gas  is  heated  from  0®C.  to  1®C. 
the  amount  of  increase  in  volume  is  about  .003665,  or  roughly  ^4? 
of  the  volume  heated;  thus,  one  cubic  centimeter  of  a  gas  at  O^C. 
becomes  1+. 003665  cubic  centimeters  at  1®C.  96.5  cubic  centi- 
meters of  a  gas  at  O^C.  would  accordingly  expand  to  a  volume  of 
approximately  100  cubic  centimeters  at  10**C. 

Boyle's  Law.  The  effect  of  pressure  on  gases  is  to  diminish 
their  volume;  in  other  words,  gases  are  compressible.  \Mien  the 
pressure  is  doubled,  the  volume  of  the  gas  becomes  one-half,  and 
so  on;  conversely,  when  the  pressure  is  reduced  one-half,  the  volume 
is  doubled.  The  law  may  be  stated  as  follows:  The  volume  of  any 
gas  varies  inversely  as  the  pressure, 

AVhile  these  important  laws  of  Charles  and  Boyle  are  not  abso- 
lutely true,  the  extent  to  which  they  are  deviated  from  in  the  case 
of  gases  is  so  small  as  to  be  practically  negligible.  It  will  be  evident 
from  their  consideration  that  the  volume  which  any  given  weight 
of  gas  occupies  depends  on  both  the  temperature  and  the  pressure. 
If  the  pressure  is  reduced  or  the  temperature  is  raised,  the  gas  ex- 
pands; on  the  other  hand,  if  the  pressure  is  increased  or  the  tem- 
perature is  reduced,  the  gas  contracts.  Hence,  if  a  gas  is  heated 
in  a  confined  space  the  pressure  will  be  increased  by  an  amount  depend- 
ing on  the  temperature  to  which  the  gas  is  heated.  The  importance 
of  this  fact  will  be  made  evident  when  we  come  to  study  explosives. 
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TABLE  II 
Critical  Temperataras  and  Pressnraa 
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Hydrogen 

(H,) 

-240 

15.3 

Oxygen 

(0,) 

-118.8 

58 

Acetylene 

(C,H,) 

35 

61 

Carbon  Dioxide 

(CO,) 

1          31.3 

72.3 

Ammonia 

(NH,) 

!         131 

113 

Sulphur  Dioxide 

(SO,) 

155.4 

78.9 

/f 


Liquefaction  of  Oases.  When  a  gas  is  subjected  to  a  sufRciently 
high  pressure  and  low  temperature  (different  for  each  kind  of  gas), 
it  passes  from  the  gaseous  state  to  the  liquid  state.    It  is  evident, 

therefore,  that  at  the  pressure  and  temperature  at 
which  a  gas  passes  into  the  liquid  condition,  the 
law  of  Charles  and  the  law  of  Boyle  do  not  apply. 
Critical  Point  It  has  been  found  that  for  any 
gas,  there  is  a  certain  temperature  above  which  no 
amount  of  pressure  will  liquefy  that  gas.  This  tem- 
perature is  called  the  critical  point,  or  critical  tem- 
perature, of  the  gas.  For  example,  the  critical 
temperature,  or  critical  point,  for  carbon  dioxide  b 
approximately  31.3**C.;  therefore,  above  this  point 
no  amount  of  pressure  will  liquefy  carbon  dioxide. 
The  critical  temperatures  of  gases  vary  through  a 
wide  range. 

Critical  Pressure.  The  pressure  required  to  liquefy 
a  gas  at  its  critical  temperature  b  known  as 
the  critical  pressure  of  the  gas.  It  requires  less 
pressure  than  the  critical  pressure  to  liquefy  a  gas 
at  temperatures  below  the  critical  temperatures.  The 
critical  temperatures  and  pressures  of  a  few  gases  are 
given  in  Table  II.  The  figures  given  are  probably 
the  most  reliable  publbhed,  but  have  not  been  finally  shown  to 
be  absolutely  true  values. 
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Diffusion  of  Oases.  If  the  apparatus,  Fig.  8,  be  so  arranged 
that  the  upper  glass  bulb  is  filled  with  hydrogen  and  the  lower 
bulb  with  air,  the  hydrogen  will  not  float  on  the  air,  although  the 
latter  b  about  14  times  as  heavy  as  hydrogen,  but  gradually  makes 
its  way  into  the  lower  bulb,  and  the  air  gradually  moves  into  the 
upper  bulb;  this  process  continues  until  the  hydrogen  and  the  air 
form  uniform  mixtures  in  each  bulb.  This  is  explained  on  the 
supposition  that  the  molecules  of  gases  are  in  constant  motion,  and 
consequently  when  two  gases  are  brought  together,  this  motion  of 
the  molecules  brings  about  the  intermixture  of  the  gases.  This 
process  of  intermixture  of  gases  caused  by  the  motion  of  the  mole- 
cules is  called  diffusion. 

The  molecules  of  all  gases,  however,  do  not  move  with  the 
same  velocity  even  when  the  temperatures  of  the  gases  are  the 
same,  and  hence,  certain  gases  intermix,  that  is,  diffuse  more  rapidly 
than  others.  The  process  of  diffusion 
of  two  gases  b  shown  graphically  in 
Fig.  9,  the  molecules  of  each  gas  being 
shown  as  moving  about  in  all  directions, 
often  colliding  with  each  other,  but 
gradually  working  their  way  into  the 
space  previously  occupied  by  the  mole- 
cules of  the  other  gas.  The  light  gases 
diffuse  much  more  rapidly  than  the 
heavy  ones,  the  law  of  gaseous  diffu- 
sion being,  the  rate  of  diffusion  of  any 
two  gases  varies  inversely  as  the  square 
roots  of  their  densities.    Hydrogen,  for 

« 

example,  di£Puses  nearly  four  times  as 

fast  as  air.     Light  gases  readily  diffuse 

through  porous  materials,  and  are  consequently  more  difficult  to  keep 

confined  in  certain  vessels.    Gaseous  diffusion  plays  an  important  part 

in  the  formation  of  explosive  mixtures  of  gases  and  air,  as  will  be 

seen  later. 

PROPERTIES  OF  LIQUIDS 

Evaporation.  We  have  already  learned  that  when  matter  is  in  the 
gaseous  state  the  molecules  are  in  motion.  This  is  also  true  of  the 
liquid  state,  although  in  the  latter  case,  the  motion  of  the  molecules 


Fife.  9.  Molecular  Diagram  of 
the  Process  of  Diffusion 
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is  restricted  by  their  mutual  attraction.  As  a  liquid  readily  changes 
its  shape,  the  force  of  mutual\ttraction  of  the  molecules  is  regarded 
as  almost  balanced  by  the  tendency  of  the  molecules  to  break  away, 
owing  to  their  motion.  When  &  liquid  is  exposed  to  the  air,  some 
of  the  molecules  at  the  surface  do  break  away,  that  is,  overcome 
the  forces  of  mutual  attraction  and  move  about  in  the  space  above 
the  liquid,  and  as  a  result  the  liquid  diminishes  in  quantity.  This 
process  is  called  evaporation. 

If  the  space  above  the  liquid  is  limited,  it  will  finally  become 
filled  with  the  escaping  molecules,  and  as  many  molecules  will  then 
come  back  in  contact  with  the  surface  of  the  liquid,  in  a  given  time, 
as  leave  it  and,  as  a  result,  the  evaporation  will  apparently  cease. 
On  the  other  hand,  if  the  molecules  which  escape  from  the  surface 
of  the  liquid  are  swept  away,  say  by  a  current  of  air,  the  rate  of 
evaporation  b  increased.  Again,  evaporation  is  more  rapid  in  a  vac- 
VLum  because  the  molecules  that  escape  from  the  surface  of  the  liq- 
uid are  not  retarded  in  their  motion  by  the  presence  of  molecules  of  air. 

As  the  molecules  of  a  liquid  move  faster  when  the  liquid  is 
heated,  the  higher  the  temperature  of  a  liquid,  the  greater  is  the 
nimiber  of  molecules  which  escape  from  the  surface  in  a  given  time 
and,  consequently,  the  higher  b  the  rate  of  evaporation. 

The  molecules  which  escape  from  the  surface  of  a  liquid  during 
evapoiation  are  spoken  of  as  the  vapor  of  the  liquid, 

Qas  and  Vapor.  The  terms  gas  and  vapor  are  sometimes 
applied  to  all  aeriform  substances.  It  b  proper  and  convenient, 
however,  to  apply  the  term  gas  to  substances  which  exist  in  the 
gaseous  state  under  the  ordinary  conditions  of  temperature  and 
pressure;  for  example,  hydrogen,  oxygen,  air,  nitrogen,  carbon 
dioxide,  ammonia,  acetylene,  and  coal  gas  belong  to  this  class,  and 
are  spoken  of  as  permanent  gases,  although  they  may  be  liquefied 
at  low  temperature  by  means  of  a  high  pressure.  The  term  vapor 
b  generally  applied  to  substances  in  the  gaseous  state  that  under 
ordinary  conditions  exist  in  the  liquid  state;  thus,  gaseous  alcohol, 
gaseous  gasoline,  and  gaseous  water  (steam)  are  vapors.  The 
vapors  of  ether,  benzine,  turpentine,  and  carbon  disulphide  belong 
to  thb  class. 

Vapor  Pressure.  If  the  vapor  which  escapes  from  the  surface 
of  a  liquid  be  confined  in  a  space  above  the  liquid,  it  will  be  found 
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that  the  confined  vapor  exerts  a  definite  pressure,  which  will  depend 
on  the  nature  of  the  liquid  and  the  temperature.  This  pressure 
resulting  from  the  tendency  on  the  part  of  a  liquid  to  evaporate  is 
called  the. vapor  pressure,  or  vapor  tension,  of  a  liquid.  It  has 
different  values  for  different  liquids,  and  shows  an  increase  with  a 
rise  of  temperature. 

Boiling  Point.  Many  liquids,  such  as  water,  for  example,  pass 
off  in  the  form  of  vapor  at  ordinary  temperatures,  and  the  amount 
of  vapor  evolved  in  a  given  time  increases  with  the  temperature. 
If  heat  is  continuously  added  to  a  liquid,  the  temperature  of  the 
liquid  rises  until  a  point  is  reached  at  which  its  temperature  remains 
stationary  and  the  liquid  freely  passes  into  vapor.  This  phenome- 
non is  known  as  boiling.  If  a  great  deal  more  heat  is  applied  the 
liquid  simply  boils  away  faster,  but  its  temperature  remains  un- 
changed. The  same  liquid  always  boils  at  the  same  temperature, 
provided  the  pressure  on  the  liquid  is  the  same.  Increase  of  pres- 
sure raises  the  temperature  of  boiling,  while  decrease  of  pressure 
lowers  it.  When  a  liquid  is  heated  to  boiling  in  an  open  vessel  in 
teh  air,  the  liquid  is  said  to  boil  under  atmospheric  pressure.  The 
pressure  of  the  atmosphere  varies  considerably  at  different  times; 
for  this  reason  a  standard  of  pressure  has  been  adopted  called  an 
atmosphere,  which  is  equivalent  to  the  pressure  exerted  by  760 
millimeters  of  mercury  (approximately  14.7  lbs.  per  sq.  in.).  The 
temperature  at  which  a  liquid  boils  under  standard  pressure  is  called 
the  boiling  point  of  the  liquid.  Thus,  water  boils  at  lOO^C.  under 
760  millimeters  pressure,  and  hence  100**C.  is  the  boiling  point  of 
water.  The  boiling  point  of  ether  is  35®C.  and  of  alcohol  78®C. 
The  boiling  point  may  be  more  scientifically  defined  as  the  tem- 
perature at  which  the  vapor  pressure  is  equal  to  the  standard  pressure 
of  the  atmosphere. 

Volatility.  The  term  volatile  is  applied  to  substances  which 
are  capable  of  being  readily  converted  into  gases  or  vapors  by  heat. 
Nearly  all  solids  pass  into  the  gaseous  form  at  high  temperatures. 
Substances  which  require  a  very  high  temperature  to  render  them 
gaseous  are  called  non-volatile,  while  substances  which  become 
gaseous  at  temperatures  below  a  red  heat  are  usually  considered 
as  volatile.  For  example,  ether,  gasoline,  carbon  disulphide,  alcohol, 
water,  and  camphor  are  volatile  substances. 
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How  volatile  an  inflammable  liquid  is,  is  a  ven'  important 
question  when  considering  its  relative  combustibility,  as  will  be 
seen  later  on.  The  vapor  pressure  of  a  liquid  at  ordinary  temper- 
atures is  a  measure  of  its  relative  volatility  under  common  condi- 
tions, while  the  boiling  point  is  often  a  measure  of  the  volatility 
at  higher  temperatures. 

Solution.  WTien  common  salt  is  immersed  in  a  sufficient 
amount  of  water,  it  soon  disappears  and  cannot  then  be  separated 
from  the  water  by  filtration,  nor  will  it  separate  out  on  allowing 
the  water  to  stand.  The  salt  is  said  to  have  dissolved  in  the  water, 
or  to  have  gone  into  solution.  It  may  be  recovered  by  evaporating 
the  water,  when  the  salt  will  be  left  behind  unchanged.  If,  how- 
ever, paraffin  wax  be  immersed  in  the  water,  no  solution  takes 
place,  the  wax  remaining  in  the  solid  form.  Substances  which  do 
not  dissolve  in  a  liquid  are  said  to  be  insoluble  in  that  liquid;  thus, 
paraffin  wax  is  insoluble  in  water.  On  the  other  hand,  it  is  readily 
soluble  in  ether  and  certain  other  liquids. 

Liquids  are  not  only  capable  of  dissolving  certain  solids,  but 
also  many  gases  and  certain  other  liquids.  For  example,  100 
volumes  of  water  dissolve  about  180  volumes  of  carbon  dioxide  at 
a  temperature  near  the  freezing  point  of  water.  A  rise  in  tempera- 
ture usually  decreases  the  solubility  of  a  gas  in  a  liquid — as  evidenced 
by  the  fact  that  a  liquid  containing  gases  gives  them  off  on  being 
heated — while,  on  the  other  hand,  a  rise  in  temperature  usually 
aids  the  solution  of  solids  in  liquids;  thus,  a  given  quantity  of 
water  when  hot  will  dissolve  more  salt  than  when  cold.  The  sol- 
ubility of  most  liquids  in  liquids  is  also  increased  by  heat. 

Liquids  which  are  soluble  in  one  another  in  all  proportions  are 
said  to  be  miscihle  with  each  other  in  all  proportions;  thus,  alcohol 
and  water  are  miscible  in  all  proportions  as  they  are  capable  of  form- 
ing homogeneous  mixtures  when  added  together  in  any  quantity 
whatsoever. 

Some  liquids  dissolve  in  one  another  only  to  a  limited  extent, 
and  are  said  to  be  partially  miscible.  Liquids  which  do  not  form 
solutions  with  one  another  are  said  to  be  immiscible.  For  example, 
when  carbon  disulphide  and  water  are  brought  together  and  shaken 
up  in  a  vessel,  they  immediately  separate  into  two  laycjrs,  the  water 
floating  on  the  carbon  disulphide. 
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OXYGEN 

Synonym,  Vital  Air        Symbol,  O 
Atomic  Weight,  16        Molecxjlar  Weight,  32 

We  come  now  to  study  one  of  the  most  important  elements 
with  which  we  have  to  deal,  an  element  which,  we  shall  learn  later 
on,  is  as  essential  to  the  occurrence  of  most  fires  as  the  combustible 
materials  themselves. 

Occurrence.  Oxygen  is  necessary  to  all  forms  of  vegetable 
and  animal  life.  It  constitutes  about  one-fourth  of  the  volume  of 
the  earth's  atmosphere,  about  one-half  of  the  earth's  crust,  and 
about  eight-ninths  (by  weight)  of  the  water.  It  exists  as  free  oxygen 
— that  is,  uncombined  chemically — in  the  atmosphere,  but  occurs 
in  the  earth's  crust  in  the  combined  state. 

Preparation.  Oxygen  may  conveniently  be  prepared  by  heat- 
ing certain  of  the  compounds  containing  it  in  the  combined  state. 
Thus,  when  mercuric  oxide,  HgO — a  compound  consisting  of  mercury 
and  oxygen — is  heated,  it  is  decomposed  into  mercury  and  oxygen, 
as  represented  by  the  equation 

HgO=Hg+0 

Experiment  2. — See  Pig.  10.  Apparatus  required :  A  hard  glass  tube 
(or  ignition  tube)  closed  at  one  end — about  6  inches  in  length  and  i 
inch  in  diameter;  a  clamp  for  holding  the 
tube;  a  burner;  several  splinters  of  wood; 
a  few  feet  of  very  fine  iron  wire. 

Chemicals  required:  About  10  grains  of 
mercuric  oxide. 

Heat  a  few  grains  of  mercuric  oxide  in  the 
glass  tube,  heating  the  tube  gently  at  first 
and  gradually  increasing  the  heat  until  the 
oxide  begins  to  decompose  (shown  by  the 
separation  of  mercury).  Introduce  a  glow- 
ing splinter  of  wood  into  the  tube,  which 
should  now  contain  oxygen;  note  how  the 
splinter  bums.  Introduce  a  piece  of  fine 
iron  wire  heated  to  redness.  The  iron  burns 
brilliantly  in  the  oxygen. 

Experiment  3. — See  Fig.  10.  Apparatus 
required :    Same  as  in  experiment  2. 

Chemicals  required:    About  5  grams  of  po- 

ta«ium  chlorate;  an  equal  quantity  of  man-       ^.^  ,„     Decomposition  of  Mer- 
ganese  dioxide.  ouric  0zid«  by  Ueat 
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Heat  a  few  crystals  of  potassium  chlorate  in  the  tube.  It  soon  melts, 
and  a  little  later  begins  to  give  up  oxygen.  The  presence  of  the  oxy- 
gen may  be  shown  by  introducing  into  the  tube  a  splinter  with  a 
spark  at  the  end,  when  the  splinter  will  bum  rapidly. 

Try  the  same  experiment  with  a  mixture  of  potassium  chlorate  and 
manganese  dioxide,  equal  quantities  of  each.  The  oxygen  formed 
in  this  case  is  not  as  pure  as  that  formed  with  the  chlorate  alone. 
Introduce  some  of  the  wire  heated  to  redness. 

Caution.  The  above  experiments  should  not  be  conducted  in  the 
vicinity  of  inflammable  materials. 

Potassium  chlorate,  KClOy  as  indicated  by  its  formula,  con- 
sists of  the  elements  potassium,  chlorine,  and  oxj'gen  chemically 
combined,  so  that  each  molecule  of  the  compound  contains  one  atom 
of  potassium,  one  atom  of  chlorine,  and  three  atoms  of  oxygen.  As 
the  atomic  weight  of  potassium  is  39,  that  of  chlorine  is  35.5,  and  that 
of  oxygen  is  16,  the  molecular  weight  is  39  +  35.5  +  (16  X  3)  = 
122.5.  From  this  w^e  see  that  122.5  grams  of  the  compound  con- 
tain 48  grams  of  oxygen.  Some  of  this  ox^'gen  is  loosely  combined, 
so  to  speak,  and  the  compound  readily  parts  with  this  portion  of 
its  ox}'gen  under  certain  conditions;  for  this  reason,  as  will  be  seen 
later,  it  is  one  of  the  most  hazardous  chemicals  with  which  the  fire 
insurance  interests  have  to  deal.  AMien  heated  alone,  it  first  melts, 
then  begins  to  q^mpose,  evolving  oxj^gen.  If  mixed  with  about 
one-fourth  its  weight  of  manganese  dioxide  it  gives  up  oxj'gen  at 
a  much  lower  temperature.  The  exact  part  which  the  manganese 
dioxide  plays  in  the  chemical  change  is  not  known;  but  its  presence 
in  some  way  favors  the  reaction;  at  the  end  of  the  reaction  the  man- 
ganese dioxide  remains  unchanged,  and  may  be  used  again. 

Properties  of  Oxygen.  The  properties  of  oxj'gen  are  con- 
veniently considered  under  two  heads,  namely,  physical  and  chem- 
ical. In  studying  the  properties  of  oxj'gen  and  other  elements  it 
is  well  to  bear  in  mind  that  the  physical  properties  of  a  substance 
depend  on  its  molecules,  while  the  chemical  properties  depend  on 
its  atoms.     (See  page  11.) 

Physical.  Oxj'gen  is  a  gas,  without  color,  odor,  or  taste.  Its 
specific  gravity  is  1.105  (air  =1).  100  volumes  of  water  absorb 
about  4  volumes  of  oxj^gen.  \Mien  cooled  to  a  temperature  of 
about  118°C.  below  zero  under  a  pressure  of  50  atmospheres,  it 
liquefies^  forming  a  pale  steel-blue  liquid. 
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Chemical.  Oxygen  is  one  of  the  most  active  elements  known. 
It  has  a  remarkable  chemical  affinity,  and  unites  at  ordinary  tem- 
peratures with  phosphorus,  potassium,  and  sodium;  and  in  veiy 
moist  air  it  unites  with  iron,  forming  rust.  At  higher  temperatures 
it  is  capable  of  entering  into  combination  with  nearly  all  of  the 
elements,  and  also  with  a  very  large  nimiber  of  compounds.  How- 
ever, even  at  high  temperatures,  the  presence  of  a  third  substance 
seems  to  be  essential  to  the  chemical  combination  of  oxygen  with 
other  substances,  and  this  third  substance,  under  practical  condi- 
tions, is  usually  the  moisture  which  is  always  present  to  a  greater 
or  less  degree.  Consequently,  all  that  is  necessary  to  cause  the 
combination  of  oxygen  with  most  materials  under  ordinary  condi- 
tions is  the  application  of  sufficient  heat. 

The  act  of  chemical  combination  or  reaction  of  oxygen  with  cer- 
tain bodies  which  come  under  our  observation  is  attended  by  the 
evolution  of  light  and  heat,  and  is  known  as  condmstion.  Prac- 
tically all  fires  are  examples  of  the  rapid  combination  of  the  oxygen 
of  the  air  with  some  substance.  Such  substances  are  called  com- 
bustibles, and  oxygen  is  called  the  supporter  of  combustion.  The 
compound  formed  when  oxygen  enters  into  combination  with  an 
element  is  called  an  oodde,  and  the  substance  receiving  the  oxygen 
is  said  to  undergo  oxidation.  Oxidation  is  a  broader  term  than  com- 
bustion, however,  and  includes  all  processes  of  direct  combination 
of  oxygen  with  substances,  whether  the  process  takes  place  rapidly 
as  in  the  case  of  a  fire,  or  so  slowly  as  to  hardly  be  perceptible,  as 
in  the  case  of  the  rusting  of  iron. 

Before  going  deeper  into  the  subject  of  combustion  it  is  de- 
sirable to  study  some  of  the  elements  for  which  oxygen  has  a  strong 
affinity;  and  the  atmosphere  which,  as  we  have  seen,  is  about  one- 
fourth  oxj'gen;  and  also  some  of  the  heat  changes  which  accompany 
oxidation  and  combustion.  The  compound,  water,  will  also  be  dis- 
cussed, owing  to  its  oiarked  effect  upon  burning  substances. 

HYDROGEN 

Synonym,  Inflammable  Air  Symbol  H 

Atomic  Weight,  1.008  Molecular  Weight,  2.016 

Occurrence.  Hydrogen  occurs  in  small  quantities  in  the  free, 
or  uncombined,  state.    In  chemical  combination  with  other  elements 
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it  b  very  common.    Many  important  compounds,  such  as  water  and 
all  acids,  contain  hydrogen;  it  is  also  an  important  constituent  of 

coal  gas. 

Preparation.  Hydrogen  is  most  conveniently  prepared  by 
treating  zinc  with  hydrochloric  or  sulphuric  acids.  Hydrochloric 
acid,  HCl,  as  indicated  by  its  formula,  is  composed  of  hydrogen 
and  chlorine  united  in  the  proportions,  1  part  by  weight  of  hy- 
drogen to  35.5  parts  by  weight  of  chlorine;  that  is  to  say, 
36.5  grams  of  pure  hydrochloric  acid  (gas)  contain  1  gram  of 
hydrogen.  The  hydro-chloric  acid  found  on  the  market  is  the 
gas  in  solution  in  water.  Now,  when  hydrochloric  acid  is  brought 
in  contact  with  zinc  (Zn)  the  aflBnity  of  the  chlorine  for  the  zinc 
is  exerted  and,  as  a  result,  the  chlorine  disengages  itself  from  the 
hydrogen,  and  enters  into  combination  with  the  zinc,  forming 
the  salt,  zinc  chloride.  The  reaction  is  represented  by  the  equa- 
tion 

Zn  +  2HC1  =  H,  +  ZnCl, 

(Two  molecules  of  acid  react  with  one  molecule  of  zinc,  forming 
one  molecule  of  hydrogen  and  one  molecule  of  zinc  chloride.) 

Experiment  4. — Apparatus  required:  A  small  test-tube  about.6  inches 
in  length. 

Chemicals  required:  Some  small  pieces  of  zinc;  about  10 
c.c.  of  ordinary  hydrochloric  acid. 

In  a  test-tube  put  some  small  pieces  of  zinc  (enough  to 
make  a  layer  from  i  to  i  of  an  inch  in  depth),  and  pour 
upon  it  enough  ordinary  hydrochloric  acid  (previously  di- 
luted with  an  equal  volume  of  water)  to  cover  it.  See  Fig. 
11.  The  gas  liberated  is  hydrogen.  Pure  hydrogen  is  odor- 
lefls,  but  the  gas  evolved  in  the  experiment  has  an  odor  due 
to  small  amounts  of  other  gases,  formed  by  the  action  of 
the  acid  on  impurities  in  the  zinc.  After  the  action  has 
continued  a  minute  or  two,  wrap  the  tube  in  a  moist  towel 
as  a  precaution,  and  apply  a  lighted  match  to  the  mouth 
of  the  tube.     The  hydrogen  will  take  fire  and  bum. 

Properties.   Physical.    Hydrogen  is  a  colorless,  in- 
mationof  Hy-    odorous,  and  tastclcss  gas.     It  can  be  liquefied  under 

drogen  Gas  *^  ^ 

pressure  at  very  low  temperatures.     It  is  the  lightest 
of   the  known  elements,   being  about  14.4  times  as  light  as  air. 
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Although  hydrogen  is  much  lighter  than  air,  it  will  float  on  air  for 
a  short  time  only  (unless  confined  in  a  light  container)  owing  to 
the  fact  that  the  rate  of  difTusion  of  hydrogen  in  air  is  very  rapid. 
(See  page  19.)  Hydrogen  passes  very  rapidly  (diffuses)  through 
porous  substances  such  as  paper  and  earthenware. 

Chemical.  Hydrogen  is  not  as  active  an  element  as  oxygen.  It 
does  not,  for  example,  enter  readily  into  combination  with  iron, 
phosphorus,  carbon,  and  sulphur,  as  does  oxygen.  It  has  a 
strong  affinity  for  ox^'gen  which  is  not  exerted  at  ordinary  tem- 
peratures; at  high  temperatures  hydrogen  readily  unites  with 
oxygen,  and  the  combination  is  accompanied  by  the  evolution 
of  a  great  deal  of  heat  and  light — in  other  words,  hydrogen 
bums  in  oxygen.  It  also  bums  in  the  air  which,  as  we  have 
seen,  contains  oxygen;  hydrogen  is,  therefore,  a  combustible. 
The  burning  of  hydrogen  in  the  air  is  represented  by  the  equa- 
tion 

2  H,  +  O2  =  2  H2O 

Two  molecules  of  hydrogen  unite  with  one  molecule  of  oxygen, 
forming  two  molecules  of  water.  The  hydrogen  flame  is  slightly 
blue  and  non-luminous,  but  very  hot.  When  a  flame  is 
applied  to  a  mixture  of  hydrogen  and  oxjrgen  the  com- 
bination or  combustion  starts  at  the  point  of  applica- 
tion of  the  flame,  and  spreads  through  the  mixture  rap- 
idly, and  may,  in  case  the  gases  are  confined,  produce 
great  pressure  on  account  of  the  expansion  produced  by 
heating  the  gases.  (See  page  17.)  When  a  flame  is  ap- 
plied to  hydrogen  out  of  contact  with  the  air,  no  com- 
bustion occurs  as  hydrogen  has  nothing  in  this  case  to 
support  its  combustion.  In  other  words  hydrogen  will 
not  bum  in  hydrogen.  Fig.  12  represents  an  inverted 
tube  filled  with  hydrogen,  which,  if  lighted  by  a  taper, 
will  bum  at  the  mouth  of  the  jar  where  there  is  oxygen. 
If  the  taper  is  thrust  up  into  the  tube,  the  taper  will  be 
extinguished  as  it  does  not  burn  in  hydrogen.  B^'nini 

.     1      J  'ii  u  •  •!!  1.  Hydrogen 

As  hydrogen  will  bum  m  oxj'gen,  so  oxj'gen  will  bum 
in  hydrogen,  but  not  so  with  materials,  such  as  paper,  wood,  and 
coal,    for  which  hydrogen  has  no  marked  chemical  affinity.     In 
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fact,  most  combustibles  are  non-combustible  in  hydrogen,  and 
hence  it  is  said  of  hydrogen  that  it  is  not  a  supporter  of  com- 
bustion. 

WATER 

Symbol,  HsO        Molecular  Weight,  18 

Occurrence.  Water  may  be  regarded  as  an  oxide  of  hy- 
drogen, HiO.  It  is  formed  in  all  common  cases  of  combustion; 
thus,  as  we  have  seen,  the  burning  of  hydrogen  in  the  air  re- 
sults in  the  formation  of  water.  Water  occurs  in  the  air  in 
vegetable  and  animal  substances,  and  in  a  great  many  chemical 
compounds. 

Properties.  Physical,  Pure  water  is  odorless  and  tasteless; 
when  viewed  in  small  quantities  it  appears  colorless,  but  when 
seen  in  a  layer  of  considerable  thickness  it  presents  a  bluish 
color.  WTien  heated  to  a  temperature  of  100®  C.  under  a  pres- 
sure of  700  millimeters  of  mercurj',  it  boils,  changing  from  a 
liquid  to  a  vapor,  termed  steam.  Steam  is  invisible,  but  when 
cooled,  as  happens  when  it  is  allowed  to  come  in  contact  with 
the  air  at  ordinary  temperatures,  it  forms  minute  drops  of 
water  which  are  visible  and  are  often  called  steam.  Increase  of 
pressure  raises  the  boiling  point  of  water,  and  decrease  of  pressure 
lowers  it. 

WTien  cooled,  water  contracts  (occupies  less  Volume)  until  the 
temperature  of  4°C.  is  reached;  at  this  temperature  water  is  at 
its  maximum  density.  \Mien  cooled  further  it  begins  to  exi)and, 
freezing  to  a  solid  (ice)  at  0°C.  Water  is  only  slightly  com- 
pressible. 

Chemical .  AMien  the  affinities  of  the  atoms  of  a  compound 
are  so  strong  that  under  most  conditions,  the  compound  is  very  hard 
to  decompose,  it  is  said  to  be  a  stable  compound;  thus,  water  b  a 
stable  compound,  capable,  as  we  have  seen,  of  undergoing  many 
physical  changes  without  suffering  any  change  in  composition. 
At  very  high  temperatures,  however,  (lOOO^C.  to  2500®C.)  water 
is  broken  down  into  its  elements. 

W^ater  unites  with  the  elements,  calcium,  Ca,  potassiimii,  K, 
and  sodium,  Na,  forming  the  bases,  calcium  hydroxide,  potassium 
hydroxide,   and   sodium   hydroxide. 
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Ca  +2H2O  =  Ca(OH)3  +H2 
K   +  H,0=  KOH    +H 
Na+  H,0=NaOH+H 

These  reactions  are  due  to  the  strong  aflSnity  of  Ca,  K,  and  Na  for 
oxygen,  so  that,  when  brought  in  contact  with  water,  they  unite  with 
the  oxygen  of  the  water,  thus  liberating  the  element  hydrogen  which, 
as  we  have  seen,  is  inflammable.  The  combination  of  potassium 
with  the  oxygen  of  the  water  is  attended  by  the  evolution  of  a  great 
deal  of  heat,  usually  sufiicient  to  set  fire  immediately  to  the  liberated 
hydrogen.  The  action  of  sodium  on  water  is  also  violent,  but  the 
heat  evolved  does  not  generally  set  fire  to  the  evolved  hydrogen 
as  the  sodium  moves  around  on  the  water  so  rapidly  that  the  hydrogen 
does  not  become  heated  sufficiently  to  ignite.  If,  however,  the 
sodium  is  held  in  one  place  for  a  few  seconds,  in  contact  with  the  water, 
the  hydrogen  is  ignited. 

EzPSRiifXNT  5. — Apparatus  required:  Forceps;  vessel  of  water; 
matches. 

Chemicals  required: .  A  few  pieces  of  sodium  about  the  size  of  a  pea. 
Sodium  is  kept  under  kerosene  oil  and  it  is  advisable  to  buy  it  already 
cut  in  small  pieces.  The  hands  should  not  be  brought  into  contact 
with  the  sodium;  use  the  forceps. 

Throw  a  small  piece  (never  a  large  piece)  of  sodium  on  water  and  apply  a 
fighted  match  to  the  floating  sodium.  Enough  of  the  sodium  burns 
to  color  yellow  the  flame  produced  by  the  burning  hydrogen.  Most  of 
the  sodium  forms  NaOH,  which  dissolves  in  the  water. 

Water  unites  readily  with  calcium  oxide  (lime)  CaO,  and  also 
with  the  oxides  of  potassium  and  sodium,  the  reaction  in  each 
case  being  accompanied  by  considerable  evolution  of  heat.  Thus, 
when  CaO  is  mixed  with  water  the  compound  formed  is  Ca(OH)2, 
and  the  heat  evolved  is  suflBcient,  under  favorable  conditions,  to 
cause  fires. 

Water  is  capable  of  taking  into  solution  a  larger  number  of 
iubstances  than  any  other  liquid,  and  it  is  therefore  used  as  far 
as  possible  as  a  solvent  in  chemical  analyses  to  bring  about  any 
desired  chemical  reactions.  A  great  many  chemical  compounds 
are  met  with  in  solution  in  water. 

Water  is  also  a  very  important  compound  for  extinguishing 
fires.    This  subject  will,  however,  be  treated  separately 
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NITROQEN 

Symbol,  N    Atomic  Weight,  14    Molecular  Weight,  28 

Occurrence.  In  the  free  state,  that  is  to  say,  uncombined  with 
other  elements,  nitrogen  occurs  in  large  quantities,  constituting  about 
four-fifths  of  the  atmosphere;  it  also  occurs  combined  with  certain 
elements  in  a  large  number  of  compounds,  being  found  in  nitrates 
such  as  potassium  nitrate  (nitre-saltpeter),  KXOs,  sodium  nitrate, 
XaN08;also  in  ammonia,  and  in  nitric  acid,  HNO|.  Many  animal 
substances  also  contain  nitrogen. 

Properties.  Physical,  Nitrogen  is  an  odorless,  colorless,  and 
tasteless  gas.  Under  a  pressure  of  27.5  atmospheres  at  a  temperature 
of  about  —  149°C.,  it  becomes  a  liquid.    It  is  slightly  lighter  than  air. 

Chemical.  The  nitrogen  molecule  is  regarded  as  being  made 
up  of  two  atoms.  The  molecules  of  nitrogen  are  very  inert  chemically, 
while  the  atoms  are  verA'  active.  (The  student  is  advised  to  read  over 
at  thb  point  the  discussion  of  the  nascent  state).  When  the  atomis 
of  nitrogen  are  united  with  other  atoms  of  nitrogen,  they  apparently 
have  their  chemical  affinities  satisfied,  and  hence,  in  its  ordinary 
gaseous  state  nitrogen  enters  into  chemical  combination  with  very 
few  substances.  On  the  other  hand,  when  the  molecules,  of  nitrogen 
are  split  up  or  when  an  atom  of  nitrogen  is  liberated  from  some 
compound  containing  nitrogen,  the  atom,  at  the  moment  of  libera- 
tion, is  very  active  and  is  capable  of  combining  with  a  large  number 
of  substances. 

Nitrogen  will  not  burn,  neither  will  it  support  combustion. 

CARBON 

Graphite — Charcoal — Diamond 
Symbol,  C        Atomic  Weight,  12 

Occurrence.  Carbon  is  the  essential  constituent  of  animal 
and  vegetable  substances,  the  term  organic  being  generally  applied 
to  the  compounds  of  carbon  which  occur  in  the  animal  and  vegetable 
kingdoms.  Thus,  meat,  albumen,  sugar,  starch,  wood,  cellulose, 
coal,  and  petroleum  are  called  organic  substances.  Many  compounds 
of  carbon  found  in  nature  may  be  produced  synthetically;  these 
are  also  termed' lorganic.  The  term  inorganic  is  used  to  designate 
compounds,  such  as4t)cks  and  the  like,  found  in  the  mineral  kingdom. 
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In  many  organic  compounds,  carbon  occurs  combined  with 
hydrogen;  methane,  gasoline,  kerosene,  and  turpentine  are  essen- 
tially compounds  of  carbon  and  hydrogen.  In  many  other  organic 
compounds  it  is  combined  with  oxygen  and  nitrogen.  Carbon  also 
occurs  in  large  quantities  in  combination  with  calcium,  as  lime- 
stone, marble  and  chalk;  these  compounds  are,  however,  for  con- 
venience, spoken  of  as  inorganic. 

When  heated,  most  organic  compounds  which  exist  in  the  solid 
state  decompose,  giving  off  certain  volatile  constituents,  and  finally 
leaving  a  black  mass  of  impure  carbon  commonly  known  as  charcoal. 

ExpEBiifENT  6. — Apparatus  required:     Small  hard  glaas  tube  (ignition 
tube);  burner. 

Heat  gradually  a  little  sugar  in  the  tube.     Note  the  behavior  of  the  sugar. 
Heat  the  black  mass  which  remains  to  a  red  heat.     Is  it  combustible? 

Carbon  also  occurs  in  nature  uncombined,  as  graphite  (plum- 
bago) and  diamond.  Graphite  and  diamond  are  regarded  as  crystal- 
line carbon,  while  charcoal  and  similar  forms  of  uncrystallized  carbon 
are  termed  amorphous.  It  is  hard  to  believe  that  graphite,  charcoal, 
and  diamond  are  one  and  the  same  element,  and  yet  eriiaustive 
tests  show  them  to  be  only  different  forms  of  the  element  carbon. 

Graphite.  Graphite  is  found  in  nature  in  large  quantities.  It 
may  be  produced  by  heating  a  mixture  of  charcoal  and  iron  to  a  ver>' 
high  temperature,  the  presence  of  the  iron  in  some  way  aiding  in 
the  transformation.  It  is  of  a  greyish,  black  color,  soft  and  often 
shiny.  Heated  in  the  air,  it  remains  practically  unchanged,  unless 
heated  to  a  very  high  temperature,  when  it  burns.  It  is  insoluble  in 
all  known  liquids. 

Amorphous  Carbon.  Common  forms  of  amorphous  or  non- 
crystalline carbon  are  ordinary  charcoal,  coke,  coal,  lampblack, 
gas-carbon,  bone-black,  or  animal  charcoal.  These  substances  will 
be  treated  of  more  in  detail  later. 

Diamond.  This  form  of  carbon  exists  in  nature  in  many  parts 
of  the  world.  It  can  be  made  on  a  small  scale  by  heating  amorphous 
carbon  under  high  pressure.  It  is  brittle  and  extremely  hard,  and 
has  a  remarkable  property  of  refracting  light  to  which  it  owes  its 
beauty  and  brilliancy  when  cut.  In  its  purest  form  it  is  colorless, 
and  its  value  depends  to  a  large  extent  on  its  freedom  from  color 
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except  that  the  rarer  stones  showing  a  blue,  red,  or  green  shade  are 
considered  very  valuable.  It  is  chemically  inert  to  all  known  liquids. 
When  heated  sufBciently  it  becomes  black;  it  bums  brilliantly  when 
heated  in  oxygen. 

THE  ATMOSPHERE 

Composition.  Air  is  not  a  chemical  compound,  but  a  mechanical 
mixture  of  gases,  and  a  very  remarkable  mixture  owing  to  the  fact 
that  the  two  principal  constituents,  nitrogen  and  oxygen,  are  present 
in  almost  constant  proportions.  KKX)  volumes  of  air  usually  con- 
tain 769.5  volumes  of  nitrogen  and  206.5  volumes  of  oxygen,  these 
proportions  varj'ing  only  slightly.  The  air  also  contains  variable 
quantities  of  carbon  dioxide,  water  vapor,  hydrogen,  ammonia, 
ozone  (see  page  76),  elements  of  the  *argon  group,  nitric  add,  sus- 
pended mineral  and  organic  matter.  Sodium  chloride  is  one  of  the 
mineral  constituents.  In  and  near  large  cities  the  air  also  contains 
compounds  of  sulphur,  especially  sulphur  dioxide,  SOj. 

The  amount  of  moisture  in  the  air,  that  is,  its  humidity,  varies 
considerably  at  different  times.  The  relative  quantity  of  moisture 
which  air  is  capable  of  taking  up  depends  on  the  temperature.  At 
0°C.  1  cubic  meter  of  air  is  capable  of  taking  up  about  4.8  grams  of 
.moisture;  while  at  30°C.  it  is  capable  of  taking  up  about  30  grams  of 
moisture.  AMien  air  contains  all  the  moisture  it  is  capable  of  taking 
up  at  a  given  temperature,  it  is  said  to  be  saturated  with  moisture. 
When  air,  saturated  with  moisture  at  a  given  temperature,  is  cooled, 
the  excess  of  moisture  beyond  the  amount  required  to  saturate 
the  air  at  the  temperature  to  which  it  is  cooled,  is  deposited  or  pre- 
cipitated. 

Ammonia  in  the  air  is  derived  chiefly  from  the  decomposition 
of  organic  matter  containing  nitrogen  (nitrogenous  organic  matter). 

Hydrogen  is  evolved  by  petroleum  wells,  and  is  also  liberated 
during  the  decomposition  of  organic  compounds. 

Ozone  (O3)  is  usually  present  in  the  air  in  more  appreciable 
quantities  following  thunder  storms.  Its  presence  is  probably  due 
to  electrical  conditions. 


*Argon  Rioup:     these  gaseoufl  elements  are  present  in  the  air  in  very  ■mall  quantities,  and 
are  chemically  inactive.     They  include  argon,  helium,  neon,  krypton  and  xenon. 


42 


T'liZ  NL'W  Yo:%f; 
?u3L[CLIBRAKY 


4.-T    ••.     L'SOX    AM# 


BLACESTORE   HOTEL,  CHICAGO,  III   PROCESS  OF  COHSTKnCTIOIT 


Thi>  Flropmnf  Ilolrl  l<<  r.f  iiffl  and  Tile 


D  ThmuKhoul,  wilh  Brick  Eib 


CHEMISTRY  OF  COMBUSTION  33 

Respiration,  putrefaction,  and  combustion  are  processes  con- 
tinually supplying  carbon  dioxide.    Plants  and  trees  absorb  it. 

Supporter  of  Combustion.  The  oxygen  of  the  atmosphere  is 
necessary  for  the  combustion  of  most  substances,  and  is  spoken  of 
as  the  supporter  of  combustion.  The  supply  of  oxygen  is  apparently 
inexhaustible.  When  a  combustible  is  burned  in  a  confined  volume 
of  air,  most  of  the  oxygen  in  the  latter  is  soon  used  up  and  the  com- 
bustion ceases. 

COMBUSTION 

TEMPERATURE  AND  HEAT 

We  have  already  learned  that  chemical  changes  are  accom- 
panied by  physical  changes,  and  that  physical  changes  are  often 
accompanied  by  chemical  changes.  We  come  now  to  study  certain 
heat  changes  which  accompany  chemical  action.  Every  chemical 
action  which  takes  place  is  attended  by  the  evolution  or  absorp- 
tion of  heat,  and  when  definite  quantities  of  substances  react,  definite 
amounts  of  heat  are  evolved  or  absorbed. 

It  is  important  to  distinguish  clearly  between  temperature 
and  heat.    When  one  body  is  warmer  or  cooler  than  another  body 


Fig.  13.     Centigrade  Mercury  Thermometer 

they  are  at  different  temperatures,  and  if  these  two  bodies  at  differ- 
ent temperatures  are  brought  together,  heat  flows  from  the  warmer 
to  the  cooler  body,  and  as  a  result  one  body  becomes  cooler  and  the 
other  wanner;  this  continues  until  the  bodies  are  at  the  same  tem- 
perature. When  a  hot  object  is  allowed  to  stand  in  the  air,  heat 
flows  from  the  object  to  the  surrounding  air  until  the  object  is  at 
the  same  temperature  as  the  air.  On  the  other  hand  when  a  body 
colder  than  the  air  is  allowed  to  stand  in  the  air,  heat  flows  from  the 
surrounding  air  to  the  body  until  equality  of  temperature  obtains. 
Thennonieters.  Temperature  is  usually  measured  by  means 
of  an  instrument  called  a  thennometer,  Fig.  13,  of  which  there  arc 
many  different  kinds.  In  its  most  common  form  it  consists  essen- 
tially of  a  ^ass  tube  closed  at  one  end  and  terminating  at  the  other 
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end  in  a  glass  bulb,  B,  containing  mercury.  When  the  mercuty  is 
heated  it  expands  and  consequently  rises  in  the  tube;  when  cooled 
the  mercury  contracts  and  falb.  A  scale  is  used  to  measure  the 
rise  and  fall  of  the  mercury  in  the  tube.  Two  scales  are  in  general 
use,  the  centigrade  and  Fahrenheit.  The  centigrade  scale  is  usually 
used  in  making  chemical  and  physical  measurements.  There  are 
two  fixed  points,  viz,  0°  and  100°;  0"  indicates  the  temperature  at 
which  water  freezes,  and  100°  the  temperature  at  which  water  boils 
uuder  standard  atmospheric  pressure.  The  difference  in  temperature 
between  these  two  fixed  points  is  constant,  and  the  interval  is  divided 


into  equal  parts,  called  degrees.    The  scale  may  be  extended  beyond 
these  points. 

The  measure  of  the  change  in  temperature  which  a  body  under- 
goes when  heated  or  cooled  b  not  a  measure  of  the  quantity  of  heat 
which  the  body  loses  or  gains.  A  liter  (1000  cubic  centimeters)  of 
water,  for  example,  requires  a  greater  quantity  of  heat  to  raise  its 
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temperature  by  a  given  amount  than  does  a  half  liter  (500  cubic 
centimeters).    A  liter  of  hot  water  in  one  vessel  may  be  at  exactly 
the  same  temperature  as  a  half  liter  of  water  in  a  similar  vessel,  yet 
the  larger  quantity  of  water  contains  twice  as  much  heat.    The  ther 
mometer,  therefore,  does  not  indicate  the  amount  of  heat. 

High  temperatures  are  often  measured  by  means  of  a  pyrometer, 
an  instrument  which  is  described  in  works  on  heat  measurements. 

In  order  to  measure  quantity  or  amount  of  heat,  an  instrument 
called  a  calorimeter,  Fig.  14,  is  used.  The  ordinary  form  of  calori- 
meter consists  essentially  of  an  inner  chamber  or  bomb,  B,  sur- 
rounded by  water,  A,  and  so  constructed  that  when  a  chemical  re- 
action is  allowed  to  take  place  in  the  chamber,  the  heat  evolved  is 
absorbed  by  the  water  without  material  loss.  The  weight  of  the 
water  heated,  and  the  rise  in  temperature  which  it  undergoes,  give 
data  from  which  the  quantity  of  heat  evolved  in  the  vessel  may  be 
determined. 

Calorie.  The  unit  generally  used  in  heat  measurements  is  the 
quantity  of  heat  necessary  to  raise  a  gram  of  water  1°  C.  (0°  to  1°) 
in  temperature.  This  unit  is  called  the  calorie.  Sometimes  a  larger 
unit  is  used,  viz,  the  quantity  of  heat  required  to  raise  the  tem- 
perature of  1000  grams  (one  kilogram)  of  water  1°  C.  This  is 
called  the  large  calorie,  which  is  written  with  a  capital  (Calorie)  to 
distinguish  it  from  the  small  calorie — ^written  calorie.  Thus,  100 
Calories  is  1000  times  as  great  as  100  calories.  The  statement  that 
the  quantity  of  heat  evolved  in  any  chemical  reaction  is  100  calories, 
means  that  the  quantity  of  heat  evolved  is  sufficient  to  raise  the 
temperature  of  100  grams  of  water  F  C.  (0°  to  1°C.) 

Specific  Heat  It  requires  different  amounts  of  heat  to  raise 
equal  quantities  of  different  substances  through  the  same  range  of 
temperature.  Thus,  it  requires  a  great  deal  more  heat  to  raise  the 
temperature  of  a  given  weight  of  water  by  a  certain  amount  than 
it  does  to  raise  the  temperature  of  an  equal  weight  of  turpentine  by 
the  same  amount.  In  fact,  it  requires  a  greater  quantity  of  heat  to 
raise  the  temperature  of  a  given  weight  of  water  1°  C.  (0°  to  1°) 
than  it  does  to  raise  an  equal  weight  of  any  known  substance  through 
1**  C.  In  other  words,  the  thermal  capacity  (heat  capacity)  of  water 
is  greater  than  that  of  any  other  substance.  For  this  reason  water 
is  chosen  as  the  standard  of  comparison;  and  the  amount  of  heat 
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TABLE  III 
Specific  Heats 


SUBSTANCB 

Spscinc  Hbat 

Water 

1.000 

Alcohol 

0  620 

Carbon  disulphide 

0.245 

Ether 

0.516 

Glycerine 

0.555 

Turpentine 

0.426 

Aluminum 

0  214 

Copiwr 

0  095 

Calcium  Chloride 

0  164 

Gla»R 

0.198 

Imn 

0.112 

I^ead 

0.031 

Sodium  Chloride 

0  214 

Tin 

0.056 

Zinc 

0.095 

required  to  raise  the  temperature  of  a  given  weight  of  any  sub- 
stance 1°  (0^  to  1°)  as  compared  with  the  quantity  of  heat  required 
to  raise  the  temperature  of  an  equal  weight  of  water  1**  C,  is  called 
the  specific  heat  of  that  substance.  The  specific  heat  of  water  is,  of 
course,  taken  as  unity,  and  the  specific  heat  of  any  substance  is, 
therefore,  less  than  unity.  Thus,  the  specific  heat  of  mercury  is 
Vtt  that  of  water,  in  decimals  .033,  because  it  requires  thirty  times 
as  much  heat  to  raise  the  temperature  of  one  gram  of  water  1**C.  (0** 
to  1°C.)  as  it  does  to  raise  the  temperature  of  one  gram  of  mercury 
1°C. 

Table  III  gives  the  approximate  specific  heats  of  a  number  of 
important  substances: 

OXIDATION 

We  have  learned  that  when  different  substances  are  brought 
together  they  may  remain  associated  together  without  undergoing 
any  change  in  composition;  that  is,  in  the  form  of  a  mechanical 
mixture;  on  the  other  hand,  when  brought  together,  the  atoms  of 
one  substance  mav  enter  into  chemical  union  with  the  atoms  of 
anotlier  substance,  resulting  in  the  formation  of  new  molecules  differ- 
ing from  those  of  either  of  the  original  substances.    Whether  of 
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not  chemical  union  will  occur  when  the  substances  are  brought 
together  will  depend  upon  the  conditions  and  upon  the  chemical 
aflSnities  of  the  substances.  Many  substances  all  around  us,  for 
instance,  are  in  contact  with  the  oxygen  of  the  air;  some  of  these 
have  a  strong  chemical  aflSnity  for  oxygen,  but  the  affinity  does 
not  operate  under  the  prevailing  conditions.  If  sufficient  heat 
is  applied,  however,  the  conditions  are  then  proper  for  chemical 
action  and  some  of  these  substances  will  enter  into  union  with  the 
ox>'gen;  this  union  may  take  place  rapidly,  developing  evident  heat 
and  light,  or  it  may  take  place  slowly,  according  to  the  nature  of  the 
substance  and  the  conditions.  In  either  case  the  reaction  is  termed 
oxidation.  Oxidation,  then,  is  a  chemical  reaction  whereby  oxygen 
unites  with  a  substance.  The  term  is  also  used  in  a  broader  sense 
by  chemists  to  denote  reactions  similar  in  principle,  but  involving 
the  addition  to  or  extraction  from  a  substance  of  certain  elements 
other  than  ox^'gen.  A  discussion  of  such  reactions  does  not  come 
within  the  scope  of  this  work,  as  we  shall  confine  ourselves  to  the 
more  conunon  use  of  the  term,  viz,  the  direct  union  of  a  substance 
with  oxygen. 

Exothermic  and  Endothermic  Reactions.  Reactions  accom- 
panied by  the  evolution  of  heat  are  termed  exothermic  reactions, 
and  the  compounds  formed  by  such  reactions  are  termed  exothermic 
compounds.  Oxidation  is  an  exothermic  reaction,  as  it  takes  place 
with  the  evolution  of  heat.  Thus,  the  rusting  of  iron  and  the  burn- 
ing of  carbon,  and  the  formation  of  carbon  dioxide,  are  exothermic 
reactions. 

On  the  other  hand,  compounds  like  carbon  disulphide,  in  the 
formation  of  which  heat  is  absorbed,  are  termed  endothermic  com^ 
pounds,  and  the  reactions  by  which  they  are  produced  are  termed 
endothermic  reactions.    Consider  the  two  reactions: 

(1)  C+02=  CO2+97OOO  cal.  (exothermic) 

(2)  C+S2=  CS2- 19600  cal.  (endothermic) 

That  is,  12  grams  of  carbon  unite  (1)  with  32  grams  of  oxygen  with 
the  edoltUion  of  97,000  calories  of  heat;  (2)  with  64  grams  of  sul- 
phur with  the  absorption  of  19,600  calories. 

Rapid  Oxidation.  Oxidation  is  often  a  slow  process — witness 
the  rusting  of  iron,  the  oxidation  of  many  other  metals,  and  the 
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TABLE  IV 

Heats  of  Combustiofi 

Substance 

Hkat  in  caldea 

PER  1  Gram 

Arotylono 

11527-11927 

Alroliol  ethyl  (grain) 

7184 

Alcohol  methyl  (wood) 

5330 

Asplmlt 

9532 

Bcnzt»nc  (coal  tar  product) 

9650-10070 

Carbon  monoxide 

5640 

Coal 

5000-  8000 

Coke 

7000-  8000 

Charcoal 

8080-  8137 

Carbon  disulphidc 

3244 

Camphor 

1413 

Cotton  Seed  Oil 

9500 

Dynamite  (75  per  cent) 

1290 

Ether 

9430 

Glycerine 

4316 

Hydrogen 

34460 

Hydrogen  sulphide 

2741 

Illuminating  Gi\s 

5200-  5500 

Iron  (to  P\<)) 

1353 

Magnesium 

6007 

Marsli  C»a8 

13063-13344 

Naplithalcne 

9354-  9690 

Olive  Oil 

9328-  9800 

Paramn  ( )il 

10340-11140 

Petroleum 

9600-11000 

Phosphorus 

5747 

Sulphur 

2241 

Tallow 

8370 

Turpentine 

10836 

Wood 

1 

3990-  4422 

decay  of  wood — so  slow,  in  fact,  that,  although  oxidation  is  an  exo- 
thermic reaction  and  is  accordingly  accompanied  by  the  evolution 
of  heat,  the  heat  flows  to  surrounding  objects  practically  as  fast  as  it 
is  evolved.  However,  when  the  oxidation  takes  place  rapidly,  heat 
is  evolved  faster  and  a  notable  rise  in  the  temperature  of  the  sub- 
stance occurs.  WTien  oxidation  of  a  substance  takes  place  with 
sufficient  rapidity  to  develop  both  light  and  heat,  it  is  termed  com" 
bustiotiy  and  substances  capable  of  undergoing  rapid  oxidation  or 
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combustion  in  the  air  are  termed  combustibles  (see  page  25).  It 
is  important  to  note  in  this  connection  that  the  term  combustion 
sometimes  receives  a  very  general  application,  including  slow  oxida- 
tion, and,  in  general,  all  phenomena  accompanied  by  the  evolution 
of  heat.  The  terms  bum  and  fire,  are,  however,  adequate  for  general 
application  and  it  seems  to  be  proper,  correct,  and  very  convenient 
to  restrict  the  use  of  the  term  combustion,  as  is  usually  done,  to 
processes  of  oxidation  accompanied  by  the  evolution  of  evident 
heat  and  light.  Not  all  phenomena,  therefore,  which  are  accom- 
panied by  heat  and  light  are  combustion,  for  when  a  filament  of 
carbon  in  a  vacuum  is  heated  to  incandescence  by  passing,  an  electric 
current  through  it,  no  combustion  is  said  to  occur  as  the  glowing 
carbon  undergoes  no  material  chemical  change. 

Heat  of  Combustion.  The  heat  evolved  during  the  combus- 
tion or  oxidation  of  a  substance  is  termed  the  heed  of  combustion, 
and  is  expressed  in  calories  or  Calories  (see  page  35). 

Table  IV  shows  only  approximate  values  of  the  heat  of  com- 
bustion for  a  number  of  substances.  Owing  to  experimental 
difficulties  involved  in  the  determination,  diflferent  observers  have 
in  many  cases  obtained  quite  different  values  fof  the  same  sub- 
stance. 

The  quantity  of  heat  developed  in  the  oxidation  of  a  given 
weight  of  any  substance  is  always  the  same  whether  the  oxidation 
takes  place  slowly  or  sufficiently  rapidly  to  develop  sensible  light 
and  heat;  or  whether  the  oxidation  takes  place  in  the  air  or  in  pure 
oxj'gen.  The  only  difference  between  slow  oxidation  and  rapid 
oxidation  is  in  the  length  of  time  during  which  heat  is  evolved. 
In  the  former  case,  the  heat  gradually  flows  to  surrounding  objects 
and  from  them  to  other  objects  (often  the  air).  When  the  oxidation 
takes  place  rapidly  the  total  heat,  being  evolved  in  a  short  time, 
accumulates  faster  than  it  flows  away,  and  the  temperature  of  the 
body  and  its  surroundings  rises.  It  should  be  remembered  in  this 
connection  that  the  evolution  of  light  results  from  a  high  tem- 
perature and  hence,  when  the  oxidation  is  so  rapid  as  to  be  accom- 
panied by  the  emission  of  light  (combustion),  the  temperature 
developed  is  comparatively  high.  Some  substances  evolve  light 
at  somewhat  lower  temperatures  than  others  but  in  general  the 
following  classification  applies: 
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Incipient  red  heat about  500*C. 

Low  heat 700 

Red  heat 800 

White  heat 1300  to  1500  and  above 

Factors  Influencing  Combustion.  Combustion  is  termed  slow 
when  the  heat  and  light  developed  by  the  oxidation  of  the  substance 
are  feeble,  and  active  when  the  heat  and  light  developed  are  considera- 
ble. The  rate  of  oxidation  or  combustion  of  any  substance  in  the  air 
depends  upon  (1)  the  chemical  affinity  of  the  substance  for  oxygen; 
(2)  the  heat  of  combustion;  (3)  the  surrounding  temperature;  and 
(4)  the  physical  condition  of  the  substance,  that  is,  whether  it  is  in 
a  finely-divided  condition,  in  the  form  of  vapor  or  in  a  compact,  solid 
form. 

(1)  We  have  already  seen  that  the  affinity  of  a  substance 
for  oxygen  may  be  strong,  and  yet  at  ordinary  temperatures  inay 
not  operate,  requiring  that  the  substance  be  heated  sufficiently  in 
the  air  before  combustion  takes  place. 

(2)  In  the  case  o(  the  combustion  of  most  substances,  the 
rate  of  combustion  is  increased  by  a  further  rise  in  temperature, 
in  other  words,  heat  accelerates  combustion.  Hence,  if  the  heat  of 
combustion  of  a  substance  is  high,  the  heat  evolved  during  the 
combustion  may  accelerate  the  process,  resulting  in  a  still  more 
rapid  evolution  of  heat  and  still  greater  aid  to  the  reaction. 

(3)  It  is  evident  tliat  the  temperature  of  the  surrounding  air 
has  an  influence  on  the  rate  of  combustion  of  a  substance,  for  if  the 
surrounding  air  is  at  a  low  temperature  a  greater  quantity  of  the 
evolved  heat  will  be  absorbed  or  taken  up  in  raising  the  temperature 
of  the  air,  and  as  a  result  the  temperature  of  the  combustible  will 
not  become  as  high  as  it  would  in  warmer  air. 

(4)  \Mien  a  substance  is  in  a  finely-divided  condition,  and 
especially  when  the  particles  are  suspended  in  the  air,  as  is  the  case 
of  a  substance  floating  in  the  form  of  dust  or  vapor,  a  relatively 
large  amount  of  surface  is  exposed  to  the  oxygen  of  the  air  and  more 
of  the  material — that  is,  more  of  the  molecules — can  react  with  the 
oxygen  of  the  air  in  a  given  time.  For  example,  iron  in  a  compact 
condition  is  capable  of  oxidizing  slowly  but  is  practically  non- 
combustible;    however,  when  very  finely-dividedjiron  (which  has 
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been  protected  from  oxidation)  is  thrown  into  the  air,  it  burns 
brilliantly,  producing  a  shower  of  sparks.  Under  such  circumstances 
a  large  number  of  molecules  of  iron  and  oxygen  are  in  contact  at 
the  same  time,  and  as  a  result  the  oxidation  of  so  many  molecules 
at  once  raises  the  temperature  of  the  particles  of  iron;  this  rise  in 
temperature  accelerates  the  oxidation  which  finally  becomes  so  rapid 
as  to  cause  evolution  of  light. 

Combustion  takes  place  much  more  rapidly  in  pure  oxygen 
than  in  air,  for  in  the  latter  case,  each  particle  or  molecule  of  oxygen 
is  siuTounded  by  about  four  particles  of  nitrogen  and,  therefore,  for 
every  particle  of  oxygen  which  strikes  a  burning  substance  in  a  given 
time  about  four  particles  of  nitrogen  strike  it,  and  thus  retard 
the  combustion;  the  nitrogen  also  retards  the  process  by  taking  up 
heat.  A  blast  of  air  will,  of  course,  tend  to  accelerate  the  combus- 
tion somewhat  but  as  more  nitrogen  is  also  brought  in  contact  with 
the  object,  this  tends  in  a  measure  to  prevent  acceleration. 

CakMific  Intensity.  Calorific  intensity  is  the  actual  temperature 
of  a  burning  substance.  As  we  have  seen,  when  a  substance  burns 
rapidly  the  evolved  heat  is  distributed  over  a  given  amount  of  sub- 
stance in  a  short  time,  the  smaller  the  amount  of  a  substance  through 
which  a  given  amount  of  heat  is  distributed  the  higher  the  tem- 
perature developed,  in  the  absence  of  other  factors  capable  of 
affecting  the  result.  Hence,  the  temperature  developed  will  depend 
upon  the  rate  of  combustion,  the  heat  of  combustion,  and  the 
conditions.  In  general,  for  substances  in  the  same  condition,  the 
heat  of  combustion  may  be  taken  as  a  comparative  indication  of  the 
calorific  intensity.  No  standard  method  is  in  use  for  determining 
the  calorific  intensities  of  substances  by  direct  experiment. 

FLAME 

Two  gases  or  vapors  at  least  are  essential  to  the  formation 
of  flame;  the  gas  or  vapor  burning,  and  the  gas  or  vapor  support- 
ing the  combustion.  As  the  oxj'gen  of  the  air  is  the  supporter  of 
combustion  in  all  ordinary  cases  of  burning  gases  or  vapors,  any 
single  gas  or  vapor  burning  in  the  air  gives  rise  to  a  flame.  It  will 
be  evident  from  this  that  combustibles  which  are  volatile,  page  21, 
bum  with  the  formation  of  flame  because  such  substances  are  con- 
verted by  heat  into  gases  or  vapors  before  combustion  occurs. 
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Structure.  The  character  and  structure  of  flames  vary  con- 
siderably, depending  upon  the  conditions  and  upon  the  nature  of 
the  burning  gaa  or  vapor.  In  general,  the  flames  produced  by  the 
combustion  of  a  gas  issuing  from  a  tube  consist  of 
severe)  parts,  which  differ  more  or  less  from  one 
another.  The  chemical  reactions  that  take  place 
in  the  different  parts  of  the  flame  are  exceedingly 
complex  and  in  all  cases  have  not  thoroughly  been 
traced. 

The  simplest  form  of  flame  consists  essentially 
of  an  inner  part  or  cone  of  unbumed  gases,  sur- 
rounded by  an  envelope  or  sheath  of  burning  gas. 
Such  flames,  for  example,  are  produced  by  the  com- 
bustion of  carbon  monoxide  or  hydrogen,  issuing 
from  a  tube.  Fig.  15  may  be  used  to  illustrate 
the  generalstructureof  theflame  of  hydrogen  burning, 
""  in  the  air,      a  represents  the  inner  part  or  cone 

which  consists  of  unbumed  hydrogen,  enveloped  by  the  part  b, 
which  is  burning  hydrogen.  The  envelope  or  sheath  &  b  in  turn 
surrounded  by  an  outer  layer  consbting  of  water  vapor  (not  shown). 


As  the  hydrogen  issues  from  the  orifice  of  the  tube,  that  portion 
nearest  the  walb  or  circumference  of  the  tube  takes  fire,  passes  up- 
ward, and  is  succeeded  by  more  burning  hydrogen;  the  oxygenof 
the  air  at  these  points  b  thus  consumed  (converted  into  HjO  vapor), 
and  prevented  from  reaching  the  inner  portion  of  hydrogen  (cone). 
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A  more  complex  form  of  flame  is  that  produced  by  the  com- 
bustion of  hydrocarbons  (see  page  31)  in  the  air.  The  flames 
from  candles,  coal  gas,  and  oils,  are  produced  by  the  combustion  of 
hydrocarbons.  In  the  case  of  the  candle,  the  heat  melts  the  wax 
which  is  then  drawn  up  through  the  wick  and  finally  converted 
into  gas.  These  flames  are  essentially  alike  in  structure.  Fig.  16  rep- 
resenting the  flame  of  a  candle,  and  Fig.  17  representing  a  coal  gas 
flame.  In  either  figure  c  is  the  inner  part,  consisting  of  unbumed 
gases,  d  represents  a  blue  region  at  the  base  of  the  flames  (prac- 
tically free  from  unbumed  carbon),  a  represents  an  envelope  of 
burning  gas  which  is  brightly  luminous.  This  envelope  is  surrounded 
by  an  outer  faintly  luminous  envelope,  represented  by  6.  The  light- 
giving  property  of  a  flame  depends  upon  the  size  and  nature  of  this 
highly  luminous  part  a,  which  with  hydrocarbons  is  the  largest  part 
of  the  flame. 

Experiment  7. — Apparatus  required:  Bun- 
sen  burner;  a  piece  of  glass  tubing  about 
1  foot  in  length  and  about  1-8  inch  internal 
diameter.  This  experiment  serves  to  show 
that  the  inner  cone  or  interior  of  a  bunsen 
flame  (see  Fig.  19)  consists  of  unburn t  gases. 
Close  the  air  holes  at  the  base  of  the  burner, 
Fig.  18,  so  that  a  luminous  flame  several 
inches  high  is  produced.  The  glass  tube  is 
then  held  in  the  manner  shown  in  the 
figure  so  that  the  lower  end  of  the  tube  is 
in  the  interior  of  the  flame  (from  i  to  1 
inch  above  the  burner).  The  unburn t 
gases  within  the  flame  will  ascend  in  the 
tube  and  may  then  be  ignited  at  the  upper 
end  of  the  tube. 

The  structure  of  a  flame  from  a 
match  stick  will,  under  ordinary  condi- 
tions, be  found  similar  in  general  struc- 
ure  to  the  flame  represented  in  Fig.  16. 
general,  it  is  to  be  remembered  that  the  structure  depends  not  only 
on  the  nature  of  the  burning  gases  or  vapors,  but  also  on  the  circum- 
stances or  conditions  under  which  they  are  formed.  In  most  cases 
coming  under  our  every-day  observation  the  outer  envelope  (usually 
thin)  consisting  of  water  vapor  and  other  products  of  combustion 
can  readily  be  distinguished.     This  envelope  surrounds  the  main 


Fig.  18. 


Unburned  Gas  in  a 
Flame 


In  considering  flames  in 
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part  of  the  flame.  The  interior  may  not  contain  a  material  quan- 
tity of  unburnt  gases  if  the  flame  is  flat,  or  if  the  circumstances  are 
such  that  ready  admirture  of  the  oxygen  of  the  air  with  the  interior 
is  not  prevented. 

Luminosity.  The  principal  causes  of  the  luminosity  or  light- 
giving  properties  of  a  flame  are:  presence  of  solid  particles,  density 
of  the  burning  gases,  and  the  temperature. 

The  presence  of  Bolid  particles  operates  so  as  to  impart  luminosity 
to  flames  owing  to  the  fact  that  when  the  particles  are  heated  to  a 
high  temperature  they  become  strongly  incandescent.  For  example, 
when  the  particles  of  a  f;a.s  mantle  are  heated  to  incandescence, 
they  emit  light;  in  the  same  way  most  flames  are  made  luminous 
by  the  presence  of  solid  particles  of  carbon. 

In  general,  the  more  denne  the  gases  or  vapors  undergoing  com- 
bustion the  more  luminous  they  are  when  heated  to  high  tempera- 
tures. Id  the  case  of  many  flames,  whether  they  contain  solid 
particles  or  not,  a  rise  in  temperatuie 
increases  the  luminosity. 

The  luminosity  of  ordinary  gas  flames 
is  principally  due  (1)  to  the  presence 
of  incandescent  solid  particles  of  car- 
bon produced  by  decomposition  of 
heated  gases,  and  (2)  to  the  presence 
of  vapors  or  gases  sufliciently  dense 
to  become  luminous  at  the  temper 
aturc  of  the  flame.  Smoky  flames 
are  produced  by  the  escape  of  un- 
bumed  particles  of  carbon,  which  may 
take  place  when  there  b  insufficient 
oxj-gen  present  to  bum  the  gas  before 
decomposition  of  the  hydro-carbons  oc- 
curs. 
Bunsen  Flame.  WTien  a  certain  mixture  of  coal  gas  and  air  is 
ignited  it  burns  without  separation  of  carbon,  produdng  a  faintly 
luminous  flame.  An  apparatus  for  burning  gas  in  thb  mamier  is 
called  the  hunsen  burner.  Fig.  19.  The  side-holes  or  apertures 
near  the  base  of  the  burner  may  be  opened  or  closed  by  turning  a 
ring,  which  conforms  to  the  curvature  of  the  hollow  base  c,  and 
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TABLE  V 
Temperatnre  of  Flames 


Kind  or  Flamb 

Tbmpbraturb  is 
•0 

Candles  burning  in  the  lur 
Sulphur  burning  in  the  air 

Alcohol  burning  in  the  air 
tHydrogen  burning  in  the  air 
tCarbon  monoxide  burning  in  the  air 

about   600-  900 
about  1820 
about  1100-1200 
about  2024 
about  1997 

*Aeeording  to  Von  Schwarti.    fAccording  to  Bunaen. 

which  is  also  provided  with  holes  o  corresponding  to  those  in  the 
base.  The  gas  enters  the  burner  at  the  base  from  a  small  jet  within 
c,  and  rushes  upward  in  the  tube  a.  The  result  is  a  reduction  of 
pressure  within  c  and  a  consequent  inrush  of  air  through  the  side 
holes.  The  air  and  gas  mix  as  they  pass  upward  in  the  tube.  This 
rapid  upward  motion  of  the  mixture  prevents  the  flame  from  passing 
down  the  tube  when  the  mixture  is  ignited  at  the  mouth  of  the  burner. 
The  air  entering  the  side  holes  operates  to  reduce  the  luminosity  of 
the  flame  by  supplying  sufficient  oxygen  to  the  flame  to  burn  the 
gases  before  the  decomposition  and  consequent  separation  of  carbon 
takes  place.    The  bunsen  flame  is  free  from  soot  and  very  hot. 

Flame  Temperature.  The  hottest  part  of  the  bunsen  flame  is 
about  half-way  between  the  bottom  and  the  top  where  combination 
of  gas  and  air  takes  place  very  rapidly.  When  the  air  holes  are  closed 
and  the  flame  is  luminous  the  hottest  part  of  the  bunsen  flame 
has  a  temperature  of  about  1300°C.  WTien  the  flame  is  produced 
with  this  burner  by  proper  admixture  of  air  the  hottest  part  has  a 
temperature  of  about  15(X)°C.  The  interior  part  of  the  flame,  con- 
sisting of  unburned  gases,  is  comparatively  cool  although  the  tip  of 
thb  port  is  rather  hot.  It  must  clearly  be  understood  that  the  tem- 
perature of  difl^erent  parts  of  a  flame  produced  by  any  kind  of  burner 
will  vary  with  the  conditions  and  with  the  construction  of  the  burner. 

Table  V  gives  a  general  idea  of  the  relative  temperatures  of 
different  flames. 

Incandescence  —  Combustion  Without  Flame.  Most  com- 
bustibles coming  under  our  observation  burn  while  in  the  form 
of  gases  or  vapors,  and  the  result  is  the  formation  of  flame.  What 
actually  occurs  when  solid  materials  apparently  undergo  combus- 
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tion  with  the  formation  of  a  flame,  is  that  successive  portions  of  the 
solid  are  converted  into  gases  or  vapors  by  heat  and  the  combus- 
tion of  the  gases  or  vapors  first  formed  heats  another  portion  of 
the  substance  sufficiently  to  convert  it  into  gas  or  vapor  and  so  on. 
Combustible  lic|uids  are  generally  more  readily  converted  into  vapors 
by  heat  than  are  solid  substances  and  as  a  rule  are  more  inflammable. 

Carbon  in  many  forms  under  ordinary'  conditions,  bums  without 
the  formation  of  flame  but  with  the  emission  of  light,  incandescence, 
an  action  which  is  also  sometimes  called  smouldering.  The  combus- 
tion of  carlx)n  may  sometimes  be  accompanied  by  the  formation 
of  flame,  owing  to  the  fact  that  under  certain  conditions  carbon 
burns  to  carbon  monoxide  which,  of  course,  in  turn  bums  in  the  air 
with  the  formation  of  flame.  Any  substance,  as  a  mle,  which  is 
non-volatile  at  the  temperature  produced  by  its  combustion  bums 
with  incandescence;  iron  and  copper,  for  example,  do  not  pass  into 
vapor  when  burning  in  oxygen,  and  consequently  form  no  flame. 

A  solid  substance  may  burn  with  both  incandescence  and  flame  as 
is  the  case  with  partially  burned  wood;  the  portion  converted  by  heat 
into  gases  and  vapors  burning  with  the  formation  of  flame,  and  the 
charcoal,  formed  during  the  combustion,  burning  with  incandescence. 

IGNITION  POINT 

Definition.  We  have  already  learned  that  the  chemical  aflSnities 
for  oxygen  of  many  combustible  substances  do  not  operate  at  ordi- 
nary temperatures.  In  such  cases  mere  contact  with  the  air  is  not 
suflScient  to  cause  active  oxidation  or  combustion,  but  it  requires 
the  application  of  heat  so  as  to  raise  the  temperature  of  the  com- 
bustible or  a  portion  of  it  to  a  certain  point  before  combustion  will 
begin.  If  this  were  not  so  it  is  obvious  that  combustible  substances 
when  exposed  to  the  oxygen  of  the  air  would  take  fire.  Some  sub- 
stances require  to  be  heated  only  a  little  l)efore  combustion  begins 
while  others  require  to  be  heated  to  a  high  temperature.  The  tem- 
perature to  which  a  substance  must  be  heated  in  the  air  in  order  for 
combustion  to  commence  is  called  the  ignition  point  or  ignition  tem- 
perature, or  kindling  temperature.*  Every  combustible  substance 
has  its  own  ignition  point,  and  the  ignition  points  of  different  com- 
bustibles vary  between  very  wide  limits. 

*Do  Dot  oonfuae  ignition  point  with  flashing  point  and  fire  teat.     (See  pages  50  and  55.) 
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Influence  on  Combustion.  Spontaneous  Ignition.  If  the 
ignition  point  of  a  substance  is  below  ordinary  temperatures  such 
a  substance  will  evidently  take  fire  when  exposed  to  the  air  at  ordi- 
nary temperatures.  Such  substances  are  said  to  be  spontaneously 
inflammable.  Other  combustible  substances  whose  ignition  points 
are  above  ordinary  temperatures  ignite  when  exposed  to  the  air,  owing 
to  the  fact  that  they  begin  to  oxidize  comparatively  rapidly  at 
ordinary  temperatures,  and  as  a  result  the  heat  evolved  by  the 
oxidation  causes  a  rise  in  temperature  which  in  turn  aids  the 
further  oxidation,  and  the  process  thus  continues  till  the  ignition 
point  is  reached  then  the  substance  takes  fire.  Such  processes  will 
be  discussed  more  at  length  under  spontaneous  ignition. 

Experiment  8. — Apparatus  required:  Ordinary  iron  spoon;  burner; 
piece  of  glass,  preferably  a  2-inch  watch  glass;  forceps. 

Chemicals  required:  Two  or  three  pieces  of  yellow  phosphorus  about 
the  sise  of  a  pea  (phosphorus  is  kept  under  water  and  must  not  be 
touched  with  the  hands.  It  can  be  secured  in  small  pieces.  The 
student  should  not  attempt  to  cut  it):  small  quantity  of  sulphur;  and 
a  few  small  pieces  of  charcoal. 

Place  a  small  piece  of  the  phosphorus  by  means  of  forceps  on  the  glass 
and  allow  it  to  stand.  Note  its  behavior.  (It  is  desirable  that  the 
temperature  of  the  room  should  be  between  IS^'C.  and  dS^'C.)  Notice 
the  fumes  given  off.  The  phosphorus  undergoes  oxidation  when 
exposed  to  the  air;  the  oxidation  heats  the  phosphorus.  The  fumes 
given  of!  are  the  products  of  oxidation,  and  consist  of  compounds  of 
phosphorus  and  oxygen.  Finally  the  phosphorus  takes  fire  (if  it  is 
desired  to  stop  the  experiment  cover  the  phosphorus  with  an  inverted 
tumbler  or  cup). 

Heat  carefully  a  little  of  the  sulphur  in  the  spoon  so  as  to  secure  a  grad- 
ual rise  in  temperature.  Try  a  similar  experiment  with  charcoal. 
Observe  that  there  is  a  marked  difTerence  in  the  temperatures  at  which 
these  substances  take  fire,  that  is,  enter  into  active  combustion  with 
the  oxygen  of  the  air. 

In  the  above  experiment,  the  phosphorus  took  fire  very  readily, 
requiring  only  a  slight  elevation  in  temperature  to  cause  its  com- 
bustion; this  elevation  in  temperature  was  produced  by  the  heat 
generated  by  the  oxidation  of  the  phosphorus.  The  sulphur  re- 
quired a  higher  temperature  to  cause  combustion,  and  the  charcoal 
still  higher.  The  first  condition,  then,  necessary  to  start  the  com- 
bustion of  a  combustible  substance  in  the  presence  of  air,  is  that 
a  part  of  the  combustible  be  at  its  ignition  point,  the  requisite 
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temperature  having  been  obtained  from  a  flame,  spark,  hot  object, 
or  spontaneous  heating. 

Combustion  without  Continuous  Extemai  Hsat.  When  the  tem- 
perature produced  by  the  combustion  of  a  substance  is  higher  than 
the  ignition  point  of  the  substance,  such  a  substance  on  being  ignited 
will  continue  to  burn,  because  the  heat  evolved  by  the  combustion 
of  the  portion  ignited  heats  the  surrounding  portion  to  or  above 
the  ignition  point  and  the  combustion  thus  propagates  itself  from 
particle  to  particle.  All  onlinary  processes  of  combustion  take  place 
in  this  way. 

Combuiition  only  with  Continuouit  External  Heat,  On  the  other 
hand,  when  the  temjKTatnrt*  phkIucihI  by  the  combustion  of  a  sub- 
stanct*  is  lower  than  the  ignition  iK)int  of  the  substance,  such  a  sub- 
stance will  not  burn  without  the  continuous  application  of  external 
heat,  because  the  moment  the  igniting  source  of  heat  is  withdrawn, 
the  heat  evolves!  by  the  ignite<l  portion  becomes  insufficient  to  raise 
the  temperature  of  the  surrounding  portions  to  the  ignition  point, 
and  the  combustion  ceases. 

For  example,  if  a  portion  of  ammonia,  XH,,  is  heated  in  the 
presence  of  air  to  the  ignition  point  of  ammonia,  the  portion  heated 
will  burn,  but  as  the  heat  evolved  by  the  combustion  which  then 
occurs  is  not  sufficient  to  maintain  the  ignition  temperature  of 
ammonia,  the  combustion  of  the  ammonia  ceases,  as  soon  as  the 
external  source  of  heat  is  withdrawn.  Another  similar  case  is  ni- 
trogen, its  ignition  point  in  the  air  l)eing  higher  than  the  temperature 
developed  by  its  combustion  in  the  atmosphere;  if  this  were  not  true, 
a  portion  of  the  oxygen  and  nitrogen  of  the  atmosphere  might  be 
.gnited  by  a  flash  of  lightning,  and  the  combustion  conmiunicated 
from  the  ignite<l  portion  to  other  i)ortions,  resulting  in  the  general 
combustion  of  the  nitrogen  of  the  air. 

The  prevention  of  the  propagation  of  the  combustion  of  a  sub- 
stance by  effecting  the  c^ooling  of  a  portion  of  the  substance  to  a 
temperature  below  its  ignition  |H)int  may  be  shown  by  the  following 
experiment. 

ExPEuiMENT  0. — Appanitua  required:  Bunscn  burner;  fine  wire 
gauze  about  4  inches  square.  Turn  on  the  gas  and  immediately  hold 
the  gauze  about  1  inch  above  the  top  of  the  burner,  in  the  manner 
shown   in    Fig.  20,    and    apply    a   hghtcd    match   to   the   stream   of 
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gas  above  the  gauze.     Note  that  the  gas  burns  above  the  gauze,  but 
that  the  combustion  is  not  communicated  to  the  gas  below  the  gauze. 

The  gauze  conducts  away  the  heat  evolved  by  the  combustion  of  the 
gas  so  fast  that  the  gas  below  the  gauze  does  not  become  heated  to  its 
ignition  temperature.     If  the  temperature  of  the 
metal  gauze  10  allowed  to  rise  to  the  ignition  point 
of  the  gas,  the  gas  on  the  lower  side  of  the  gauze 
will  take  fire.    In  case  the  experiment  is  performed 
with   hydrogen  gas  instead  of  coal  gas,  it  will  be 
found  that  as  soon  as  the  hydrogen  on  one  side  of 
the  gauze  is  ignited,  the  combustion  will  be  propa- 
gated through  the  gauze  to  the  hydrogen   on  the 
other  side,  owing  to  the  fact  that  in  case  of  hydro- 
gen the  gauze  soon  becomes  heated  to  the  ignition 
point  of  hydrogen.     It  will  also  be  observed  that 
the  ignition  point  of   hydrogen  is  lower  than  the       Fig.  20.    Principle  of 
ignition  point  of  coal  gas.  ^^^^^  ^•'"p 

This  b  the  principle  on  which  many  safety  lamps  and  appliances, 
making  use  of  wire  gauzes,  depend  to  prevent  the  propagation  of 
combustion  of  gases. 

Apparent  Lowering  of  Ignition  Point.  The  condition  of  a  com- 
bustible when  exposed  to  the  air  apparently  affects  the  tempera- 

TABLE  VI 
Is:iiltlofi  Point 


SUBSTANCB 

Temperature  **C 

Phosphorus 

00 

Carbon  disulphide  vapor 

150 

Sulphur 

250 

Acetylene 

480 

Hydrogen 

612 

Marsh  Gas 

656 

Coal  Gas 

645 

Charcoal 

350  to  700* 

*  Depending  on  the  nature  of  the  wood  and  temperature 
at  which  it  wae  charred. 

ture  of  ignition;  thus,  when  very  finely-divided  iron  (see  page  41) 
b  exposed  to  the  air  at  ordinary  temperatures  under  certain  condi- 
tions, it  ignites.  In  fact,  under  certain  conditions  many  combustibles 
ignite  at  temperatures  which  are  apparently  below  their  ignition 
points,  but  this  lowering  is  only  apparent.    Fineness  of.  division  of 
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a  substance  favors  intimate  contact  with  the  oxygen  of  the  air, 
and  the  large  amount  of  surface  of  the  material  in  intimate 
contact  with  oxygen  of  the  air  presents  conditions  which  allow  a 
relatively  large  number  of  molecules  of  the  substance  to  oxidize  at 
the  same  time,  and  thus  produce  heat  fast  enough  to  raise  the 
body  to  incandescence.  When  the  iron  is  in  the  compact  state, 
however,  the  heat  of  oxidation  is  dissipated  about  as  fast  as  it  is 
generated. 

The  ignition  points  as  obtained  by  experiment  depend  not  only 
on  the  nature  of  the  substance,  but  also  in  a  measure  on  the  con- 
ditions, such  as  the  humidity  of  the  air,  pressure,  nature  of  the  vessel 
in  which  the  experiment  is  conducted.  The  ignition  points  stated 
in  Table  VI  are,  therefore,  approximations,  the  figures  appl3dng  to 
the  substances  when  under  conditions  approaching  those  met  with  in 
practice. 

FLASHING  POINT  AND  FIRE  TEST 

FLASHING  POINT 

Definition.  The  flashing  point — also  called  flash  point  and 
flash  test — of  a  substance  is  the  lowest  temperature  at  which  it  gives 
off  vapor  sufficiently  rapidly  to  form  with  the  surrounding  air  a 
mixture*  which  is  capable  of  burning  when  ignited. 

Liquids.  The  flashing  point  for  a  liquid  may  be  determined 
in  the  following  manner: 

Experiment  10. — Apparatus  required:  Porcelain  dish  (deep  form), 
diameter  about  75  m.m.,  capacity  about  75  c.c;  cover  for  dish;  support 
for  dish;  thermometer;  burner. 

Chemicals  required :    About  100  c.c.  of  kerosene. 

Pour  sufficient  kerosene  into  the  dish  to  fill  it  within  about  20  m.m.  of 
the  top.  Place  the  bulb  of  the  thermometer  in  the  kerosene  and  note 
the  temperature.  Hold  a  lighted  match  so  that  the  flame  is  about  mid- 
way between  the  surface  of  the  kerosene  and  the  top  of  the  dish.  Note 
that  the  air  above  the  kerosene  does  not  contain  sufficient  inflammable 
vapor  to  form  a  combustible  mixture  for  no  flame  is  produced  by  the 
application  of  the  lighted  match.  (Some  low  grade  kerosene  flashes 
at  ordinary  temperatures,  but  fairly  good  kerosene  should  not  flash 
under  the  conditions  of  this  experiment  at  a  temperature  below  40^C.  or 
104**F.) 


^Inflammable  vapor-air  mixtures  are  diaeussed.  pages  68  and  69. 
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Now  light  the  burner,  and  Etdjust  the  flame  (by  regulating  the  supply 
of  gtu  in  cue  b  gas  flame  is  used)  bo  that  it  is  very  small — say  about 
i  inch  in  height — and  place  under  the  dieh  of  kerosene.  Heat  the 
keroeene  as  gradually  as  practical,  noting  the  temperature  about  every 
half-minute,  and  applying  a  match  flame  for  an 
inittant  near  the  center  ,'of  the  dish  half-way  be- 
tween the  surface  of  the  kerosene  and  the  top 
of  the  dish.  Do  not  bold  the  match  flame  near 
enough  to  the  kerooene  to  heat  it.  If  it  is  de- 
Hircd,the  thermometer  may  be  supported  aaehown 
in  illustration,  Fig,  21,  Finally  the  temperature 
of  the  kerosene  will  become  high  enough  to  cause 
HUfiicient  evaporation  from  the  heated  kerosene 
in  a  given  time  to  form  with  the  air  above  the 
surface  of  the  kerosene  a  gaseous  mixture,  which 
wiD  take  fire  when  ignited.  Unless  the  kerosene 
has  been  heated  several  degrees  above  its  flashing 
ptwnt,  the  combustion  will  cease  as  soon  as  the 
ignit«d  mixture  of  vapor  and  lur  has  burned.  The 
flash  may  after  a  moment  be  made  to  occur  again. 
Continue  the  beating,  and  finally  it  will  be  found 
that  on  applying  the  match  flame,  the  kerosene 
appareTttly  takes  fire  and  burns  continuously. 
Extinguish  the  combustion  by  placing  the  cover 
on  the  dish.  What  actually  burns  when  the  ker- 
osene apparetiUy  tmmt  continuously,  is  the  ker- 
osene mpor.  When  the  momentary  flash  occurred 
the  rat«  of  evaporation  of  the  kerosene  was  not 
sufficiently  rapid  to  supply  vapor  as  fast  as  it 
burned  in  the  lur,  hence  as  soon  as  the  accumu- 
lated vapor  burned  the  combustion  ceased.  Fin- 
ally, a  temperature  was  reached  at  which  the  vapor  was  pven  off  as 
fast  as  it  burned,  and  as  a  result  the  combustion  when  started  con- 
tinued; this  is  the^re  le*t  of  the  kerosene,  as  will  be  seen  later. 

Commereud  Teat  Methods.  The  flashing  point  of  a  liquid  may 
more  accurately  be  determined  by  means  of  an  apparatus  especially 
constructed  for  the  purpose  called  a  Flashing  Point  Tester  or  simply 
a  Tester,  One  of  the  best  forms  is  known  as  the  "New  York  State 
Board  of  Health  Tester."  It  was  devised  by  the  Michigan  State 
Board  of  Health  in  1873,  and  modified.  Fig.  22,  by  Dr.  A.  H.  Elliott. 
It  consbts  essentially  of  an  oil  cup  A,  usually  made  of  copper  and 
capable  of  holding  about  296  c.c.  of  oil  or  other  liquid.  The  upper 
part  a  of  the  oip  has  a  larger  diameter  than  the  lower  part,  in  order 
to  provide  a  chamber,  termed  the  explosion  chamber.  The  cup  is 
also  provided  with  a  ^ass  cover  C,  carrying  a  thermometer  B  for 
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observing  the  temperature  of  the  liquid  in  the  cup.  He  glass  cove? 
b  provided  with  an  aperture  0  for  insertion  of  the  testing  flame, 
usually  consisting  of  a  small  gas  jet  one-quarter  of  an  inch  in  length, 
shown  at  7*.  D  represents  the  water  bath  which  is  supported  by  the 
stand  S. 

The  following  directions  for  conducting  the  test  with  this  form 
of  apparatus  were  reported  by  the  New  York  State  Board  of  Health 
(1882). 


Fic,  IS,    Plubiac  Point  Tntm 

"Remove  the  oil  cup  and  fill  the  water  bath  with  cold  water  up  to  the 
mark  od  the  inside.  Replace  the  oil  cup  and  pour  in  enough  oil  to  fill  it  to 
within  one-eighth  of  an  inch  of  the  flange  joining  the  cup  and  the  vi^kw- 
chamber  above.  Care  must  be  taken  that  the  oil  doee  not  flow  over  tbs 
flange.  Remove  all  air-bubbles  with  a,  piece  of  dry  paper.  Place  the  ^ass 
cover  on  the  oil  cup,  and  so  adjust  the  thermometer  that  its  bulb  shaO  b0 
just  covered  by  the  oil. 

"If  an  alcohol  lamp  be  employed  for  heating  the  water  bath,  the  wick 
should  be  carefully  trimmed  and  adjusted  to  a  email  flame.     A  email  bunaoi 
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burner  may  be  used  in  place  of  the  lamp.  The  rate  of  heating  should  be 
about  two  degrees  per  minute,  and  should  in  no  case  exceed  three  degrees. 

"As  a  flash  torch,  a  small  gas  jet  one-quarter  of  an  inch  in  length,  should 
be  employed 

''When  the  temperature  of  the  oil  has  reached  85°F.,  the  testing  should 
commence.*  To  this  end  insert  the  torch  into  the  opening  in  the  cover, 
passing  it  in  at  such  an  angle  as  to  well  clear  the  cover,  and  to  a  distance 
about  half-way  between  the  oil  and  the  cover.  The  motion  should  be  steady 
and  uniform,  rapid  and  without  any  pause.  This  should  be  repeated  at 
every  two  degrees  rise  of  the  thermometer  until  the  thermometer  has  reached 
95°,  when  the  lamp  should  be  removed  and  the  testings  should  be  made  for 
each  degree  of  temperature  until  100°  is  reached.  After  this  the  lamp  may 
be  replaced  if  necessary  and  the  testings  continued  for  each  two  degrees. 

"The  appearance  of  a  slight  bluish  flame  shows  that  the  flashing  point 
has  been  reached. 

"In  every  case  note  the  temperature  of  the  oil  before  introducing  the 
torch.    The  flame  of  the  torch  must  not  come  in  contact  with  the  oil " 

There  are  various  forms  of  testers  in  use,  and  there  are  many 
different  methods  followed  in  making  the  test.  The  results  obtained 
will  vary  with: 

(1)  The  dimensions  of  the  cup.  If  the  diameter  of  the  cup  is 
large,  more  surface  of  the  liquid  is  exposed  to  the  air,  and  as  a  result 
the  faster  the  evaporation  at  a  given  temperature;  hence,  the  air 
above  the  liquid  is  charged  with  vapor  sooner  than  if  the  evapora- 
tion were  slower  and  consequently,  the  flashing  point  is  lower. 

(2)  Raie  of  heating.  The  faster  the  liquid  is  heated,  that  is, 
the  higher  its  temperature  is  made  to  rise  in  a  given  time,  the  more 
vapor  is  given  off  in  a  given  time;  hence,  the  lower  the  flashing 
point. 

(3)  The  quantity  of  the  liquid  heated.  The  greater  the  amount 
of  liquid  heated  the  more  vapor  is  driven  off  in  a  given  time,  hence 
the  lower  is  the  flashing  point. 

(4)  Testing  flame.  A  large  testing  flame  may  heat  the  sur- 
face of  the  liquid  above  the  temperature  of  the  liquid,  and  thus 
cause  a  flash  to  occur  before  the  true  flashing  point  is  reached. 
The  vapor  and  air  are  more  completely  mixed  at  the  edges  of  the 
explosion  chamber,  hence,  if  the  testing  flame  is  applied  only  at 
the  center  of  the  cup  the  results  obtained  may  be  too  high. 

Other  conditions  may  affect  the  results,  but  the  above  are 
the  principal  ones  to  have  in  mind  in  comparing  results.    It  is  evi- 


*Thu  will  depend  on  the  nature  of  the  liquid;  testing  should  commence  at  a  lower  tern* 
pesmture  in  certain  oases. 
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dent  from  these  considerations  that  in  specifying  the  flashing 
points  of  different  substances,  it  is  highly  desirable  to  designate  the 
particular  form  of  apparatus  used,  and  the  definite  method  of 
making  the  test. 

The  form  of  apparatus  described  above,  and  the  directions  for 
making  a  test  with  it,  are  used  to  a  large  extent  in  thb  country. 
Some  observers  make  the  test  with  the  cover  off  of  the  cup;  results 
obtained  in  this  way  are  higher  than  would  be  obtained  under 
similar  conditions  in  a  covered  cup,  o^-ing  to  the  fact  that  when  the 
cover  is  off  more  vapor  is  carried  away  from  the  explosion  chamber 
by  the  air.  Apparatus  having  cups  without  covers  are  called  open- 
cup  testers  or  simply  open  testers,  while  those  provided  with  covers 
are  called  covered  testers  and  results  are  often  reported  as  open  or 
closed  cup. 

Special  Test  Methods.  Some  modifications  in  the  apparatus 
described  above  and  in  the  directions  for  using  it  are  necessary  in 
obtaining  the  flashing  points  of  liquids  which  flash  at  unusually 
low  or  high  temperatures.  In  order,  for  example,  to  determine  the 
flashing  point  of  a  liquid  which  flashes  below  ordinary  temperatures 
it  is  necessary  to  cool  the  liquid.  Thus,  gasoline,  as  generally  found 
on  the  market  today,  flashes  at  about  —  20®C.,  hence  it  b  evidently 
necessary  to  cool  the  gasoline  below  this  temperature  in  order  to 
determine  its  flashing  point. 

The  water  bath  cannot  be  used  in  determining  the  flashmg 
points  of  liquids  which  flash  at  high  temperatures,  as  water  cannot 
be  heated  above  100°C.  at  atmospheric  pressure.  The  most  satis- 
factory' way  of  determining  the  flashing  points  of  such  liquids  is  to 
heat  the  cup  containing  the  oil  directly  over  the  burner.  In  this 
case,  however,  tlie  heating  must  be  conducted  very  carefully,  the 
rate  of  heating  l)eing  about  8°  per  minute. 

Solids.  Most  combustible  solids,  as  we  have  learned,  bum 
wholly,  or  in  part,  in  the  form  of  vapor  of  gas;  that  is  to  say,  all  or 
most  of  the  solid  is  changed  to  the  gaseous  state  by  heat  before 
combustion  occurs.  Hence,  the  flashing  point  of  a  solid  as  in  the 
case  of  a  liquid  is  the  lowest  temperature  at  which  it  gives  off  suf- 
ficient vapor  to  form  readily  a  combustible  mixture  with  the 
surrounding  air.  The  results  will,  of  course,  vary  considerably 
with  the  conditions. 
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PIRB  TBST 

The  fire  test,  also  called  the  burning  paint,*  of  a  liquid  may  be 
defined  as  the  low^t  temperature  at  which  the  liquid  gives  off  vapor 
sufficiently  rapidly  to  form  continuously  with  the  surrounding  air 
a  mixture  which  is  capable  of  being  ignited.  In  other  words,  when 
a  liquid  is  heated  to  its^^re  test  or  so-called  burning  point,  it  gives  off 
vapor  as  rapidly  as  the  vapor  bums.  Thus,  in  Experiment  10,  when 
the  kerosene  reached  its  fire  test  and  was  ignited,  it  burned  con- 
tinuously. It  is  evident,  then,  that  in  the  case  of  kerosene,  vapor  is 
given  off  faster  at  the  fire  test  than  at  the  flashing  point.  The  fire 
test  is,  in  general,  higher  than  the  flashing  point,  though  in  the 
case  of  ether,,  carbon  disulphide,  benzol,  alcohol,  and  many  other 
liquids  the  flashing  point  and  fire  test  coincide. 

The  fire  test  is  determined  in  most  cases  by  continuing  to  heat 
the  liquid  in  an  open  cup  after  the  flash  test  is  made  until  the  tem- 
perature b  reached  at  which  the  liquid  itself  apparently  burns,  page 
51,  when  the  testing  flame  is  applied  so  as  to  secure  ignition.  The 
flashing  point  and  fire  test  indicate  to  a  large  extent  in  many  cases 
the  relative  combustibility  of  liquids.  (See  page  77.)  Thus, 
from  Table  VII,  the  flashing  point  of  gasoline  is  about — 20°C.  and  the 
flashing  point  of  certain  grades  of  paraffin  oil  is  about  220^C.  From 
thb  it  is  known  that  gasoline  readily  gives  off  vapors  which  will 
bum  in  the  air,  even  though  the  gasoline  is  at  a  temperature  con- 
siderably below  ordinary  room  temperatures;  the  presence  of  gasoline, 
therefore,  in  a  room  at  ordinary  temperatures  may  cause  a  fire,  if 
a  flame  is  brought  near  the  gasoline.  On  the  other  hand,  it  is  known 
from  the  flashing  point  of  paraffin  oil  that  the  vapors  are  not  given 
off  in  material  quantity  at  ordinal  temperatures,  and  paraffin  oil 
is  not,  therefore,  liable  to  be  ignited  by  a  lighted  match,  unless  the 
oil  is  heated  accidentally. 

SPONTANEOUS  IGNITION 

We  have  leamed  that  in  order  for  a  combustible  substance  to 
take  fire  in  the  air,  it  is  necessary  that  a  portion  of  the  substance  be 
heated  to  its  ignition  point.  In  most  cases  of  combustion  coming 
under  our  observation,  the  substance  was  heated  to  its  ignition  point 


•The  bvzniiic  point  should  not  be  oonfuaed  with  the  ignition  point. 
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TABLE  VII 
FlashlBK  Point  and  Fire  Test 


FUASHINQ 

SCBSTANCC 

POIICT  •  C. 

FixB  Test 

i 

(Cloaed  Cup) 

*C. 

Acetonr 

2 

2 

Alroliol  (ethyl)  (^ain,  Absolute 

12 

12 

Alcohol  (ethyl)  gjain,  95.90  per  cent 

16 

16 

Alcohol  (methyl)  wood* 

10 

10 

Alcohol  (methyl)  l*.  S.  Appro ve<i  for  denaturing 

-6 

-6 

Alcohol  denaturedt 

13 

13 

Amyl  Acetate 

21 

Aniline 

76 

j     IJenzcne  (lienzol) 

-8 

-8 

'     lienzine  (Sp.  gr.  .8805) 

4 

10 

Camphor  oils 

55 

'     Carbon  disulphidc 

-34t 

-34t 

Collotlion 

4.4** 

Columbian  Spirits 

7 

Cologne* 

15-16 

Cotton  Seed  Oil 

305 

340 

Com  Oil 

249 

335 

Creosote  Oil  (Coal  tar  Product) 

75-115 

80-124 

Ether,  Petroleum 

-18** 

-18** 

Ether 

-34t 

-34J 

Ethyl  Acetate 

4-5 

Gasoline* 

-20 

-18 

!     Lacquer  (shellac) 

4-21 

Linseed  Oil  (Raw) 

274 

340 

Linseed  Oil  (Boiled) 

192 

300 

Olive  Oil 

233 

283 

Petroleum  Naphtha 

-18** 

-18** 

Petroleum  (Crude)* 

-15 

-  7 

Paraffin  Oil 

210-228 

246-260 

Pyridine*  (fairly  pure) 

19 

19 

Toluyl  Toluene 

13 

Turpentine* 

Mi 

46 

Xylol  (Xylene)* 

27 

49 

*Fla!«hinff   point   and   fire   test   may   vary   with   sample.     f'Completely   denatured." 
FlaAhinc  point  uf  denatured  alcohol  varies  with  the  composition.     {Approximate.     *^At  or 

below. 


by  the  application  of  external  heat.  However,  under  certain  con- 
ditions the  ignition  of  some  substances  occurs  without  the  applica- 
tion of  sufficient  external  heat  to  raise  the  temperature  of  the  sub- 
stance to  its  ignition  point.    What  actually  occurs  in  such 
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that  the  substance,  through  physical  or  chemical  changes  taking 
place  within  the  substance  itself,  becomes  heated  to  its  ignition 
point,  a  process  termed  sponianeoiis  ignition — often  incorrectly 
called  spontaneous  combustion.  This  self-heating  of  a  substance  is 
termed  spontaneoiis  heating  and  evidently  precedes  spontaneous 
ignition.*    (See  Experiment  8,  page  47.) 

In  some  cases,  the  spontaneous  heating  is  produced  by  physical 
changes  which  are  accompanied  by  the  evolution  of  heat,  as  for 
example,  the  absorption  of  gases  or  vapors  by  charcoal.  In  other 
cases,  the  heating  is  produced  by  chemical  reactions  (usually  oxida- 
tion) taking  place  between  the  constituents  of  the  substance  or 
between  the  substance  and  the  oxygen  of  the  air. 

Classification  of  Substances.  There  exists  no  basis  for  a  well- 
defined  and  comprehensive  classification  of  the  different  processes 
of  spontaneous  heating  which  are  liable  to  result  in  spontaneous 
ignition.  The  following  discussion  covers  the  principles  involved 
in  certain  processes  and  the  phenomenon  in  each  case  is  characteristic, 
but  it  must  be  understood  that  certain  of  the  conditions  favoring 
the  spontaneous  ignition  of  substances  vary  according  to  the  nature 
of  the  material  and  of  the  surroundings. 

General  Considerations.  Most  of  the  cases  of  spontaneous  heat- 
ing which  are  met  with  in  practice  and  which  are  liable  to  result  in 
spontaneous  ignition  are  caused  by  oxidation.  It  will  be  remem- 
bered that  the  oxidation  of  many  substances  is  a  slow  process  at  the 
start,  and,  consequently,  unless  they  are  under  conditions  favorable 
to  the  accumulation  of  the  evolved  heat,  their  oxidation  may  not 
result  in  a  material  rise  in  the  temperature  of  the  substance.  On 
the  other  hand,  when  the  oxidation  occurs  under  favorable  con- 
ditions a  rise  in  temperature  occurs,  and  this  stimulates  the  process, 
resulting  finally  in  ignition.  General  conditions  which  favor  the 
accumulation  of  heat  are,  freedom  from  drafts  which  might  carry 
away  heat,  warm  surroundings,  and  the  amassing  of  material  so  that 
the  heat  is  not  readily  conducted  away. 

It  is  already  evident  from  what  has  been  said  that  the  addition 
of  external  heat  in  many  cases  favors  spontaneous  heating.  In  some 
cases  this  outside  agency  is  necessary'  in  order  to  start  the  reaction, 


*PoMible  exception  in  oertmin  OAses  where  sudden  decomposition  is  produced  by  detona- 
tioa  or  shock. 
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which  once  started  may  continue  without  further  aid.  In  most 
cases  of  spontaneous  heating  by  oxidation,  it  is  required  that  there 
be  a  free  supply  of  oxjgen  of  the  air.  The  pressure  of  moisture 
is  often  necessary  and  generally  favors  the  process. 

Oxidising  Oils.  Many  vegetable  and  animal  oils,  when  dis- 
seminated over  a  large  surface — as  for  example,  when  fibers,  rags, 
cotton  waste,  sawdust,  and  porous  organic  matter,  are  impregnated 
to  a  greater  or  less  extent  with  oil— react  with  oxygen  from  die  air, 
the  process  being  one  of  oxidation;  if  the  conditions  are  such  that 
the  beat  produced  by  the  oxidation  is  not  dissipated  as  fast  as  it  is 
produced,  the  temperature  of  the  oiled  mass 
rises,  and  as  a  result  spontaneous  ignition 
may  occur  if  the  process  is  allowed  to  continue. 
Linseed  oil  is  the  most  dangerous  of  the 
class  in  this  respect,  and  cotton  seed  oil  is 
probably  next  in  order.  Other  oils  which  are 
considered  liable  to  cause  spontaneous  igni- 
tion in  a  similar  way  are:  rape,  olive,  palm, 
and  cocoanut  oils.  Some  of  the  animal  sub- 
stances that  are  subject  to  oxidation,  and 
which  may  cause  spontaneous  ignition,  are: 
(-odliver  and  seal  oils;  goose,  bone,  and  hog 
fats.  Rancid  fats  are  able  to  combine  readily 
with  oxygen  and  should  be  regarded  as  liable 
to  produce  spontaneous  ignition.  The  admix* 
ture  ol  foxidizing  oils  with  substances  whidi 
absorb  oxygen  (used  in  certain  varnishes  and 
generally  termed  (friers)  increa.'ies  the  hazard. 

The  tendency'  of  oxidizing  oils  toward  spontaneous  heating 
when  spread  on  cotton  can  be  studied  by  means  of  an  apparatus 
shown  in  Fig.  23.  It  consists  essentially  of  a  wire  gauze  cylinder  S 
which  is  surrounded  by  double-jacketed  copper  water  bath  W, 
provided  with  a  tight-fitting  lid,  thermometer,  and  air  tubes  V 
and  a.  Totestanoil,  fourteengramsof  itareevenlydbtributedover 
seven  grams  of  cotton  waste.  The  oiled  cotton  is  then  placed  in 
the  cylinder  inside  of  the  water  bath,  a  thermometer  inserted  in  the 
cotton,  and  the  bath  heated  until  the  water  reaches  the  boiling  point 
A  temperature  of  100°C.  tends  to  hasten  oxidation  of  the  oil  and  thui 
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to  develop  any  tendency  of  the  oiled  mass  to  heat  spontaneously, 
which  may  be  observed  by  taking  frequent  readings  of  the  ther- 
mometer. 

Some  of  the  results  of  tests  obtained  with  certain  oils  are  shown 
in  Table  VUI: 

TABLE  VIII 
Spoataneous  Heating 


Oils 

TCMPERATCRK 

OQ 

Time. 

MlNUTSS 

^Liiueed 
Cotton  Seed 
OUve 

234 
234 
234 

65 

70 

130 

•TheM  retulta  by  Dr.  A.  H.  Gill. 

Rags  and  waste  containmg  oxidizing  oils  have  caused  many 
fires,  and  are  to  be  regarded  as  hazardous.  Lampblack  and  saw- 
dust when  mixed  with  oxidizing  oils  are  liable  to  spontaneous  ignition. 

As  is  well  known  mineral  oils  are  not  oxidizing  and  are  not  liable 
to  cause  spontaneous  ignition  in  this  way. 

Agricultural  Products.  Hay,  fodder,  and  bran,  when  piled  in 
heaps,  are  capable  in  the  presence  of  air  and  moisture  of  undergoing 
chemical  change  with  the  production  of  heat,  which  under  favorable 
conditions  may  raise  the  temperature  of  the  mass  to  the  ignition 
point.  In  most  cases  of  spontaneous  ignition  of  agricultural  products, 
the  first  stage  of  the  spontaneous  heating  is  essentially  one  of  fer- 
mentation. The  materials  may  become  heated  to  a  marked  extent 
during  this  process,  and  finally  may  become  charred  and  ignited. 
The  changes  may  be  arrested  or  accelerated  before  the  ignition 
point  is  reached  by  various  causes  which  favor  the  dissipation  or 
accumulation  of  heat. 

Charcoal.  There  are  various  kinds  of  charcoal,  all  varieties, 
being  essentially  carbon;  wood  charcoal  is  the  most  important 
variety.  Charcoal  contains  innumerable  pores,  and  possesses  such 
an  affinity  for  certain  gases  and  vapors,  that  it  is  capable  of  absorb- 
ing many  times  its  own  volume  of  these  gases.  In  the  case  of  hot, 
newly-made  charcoal,  its  pores  are  empty  and,  when  exposed  to 
the  air,  the  absorption  of  gases  takes  place,  accompanied  by  the 
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production  of  heat.  This  process  often  raises  the  temperature  of 
the  charcoal  to  its  ignition  point.  In  general  any  process  which 
may  drive  out  the  absorbed  gases,  and  leave  the  pores  empty,  may 
thus  indirectly  cause  the  spontaneous  ignition  of  the  charcoal,  as, 
for  example,  the  heating  of  moist  charcoal.  As  the  temperature  of 
ignition  of  charcoal  is  influenced  by  the  temperature  at  which  the 
carbonization  or  charring  of  the  wood  occurred,  the  charcoal  produced 
by  heating  wood  at  low  temperatures  is  more  liable  to  spontaneous 
ignition  by  spontaneous  heating  than  charcoal  in  general.  This 
explains  the  danger  of  having  hot  steam  pipes  in  contact  with  wood- 
work, etc. 

Owing  to  the  diversified  nature  of  many  processes  which  may 
cause  spontaneous  ignition  under  various  circumstances  it  is  out 
of  the  question  to  enter  into  an  extended  treatment  of  the  subject 
within  the  scope  of  this  text.  It  is  well  to  remember  that  the  proc- 
esses of  spontaneous  ignition  generally  met  with  in  practice  consist 
essentially  of  oxidation.  Certain  products  liable  to  ignite  spon- 
taneously are  discussed  later. 

PRODUCTS  OF  COMBUSTION 

We  have  seen  that,  when  a  substance  undergoes  combustion 
in  the  air,  the  process  is  one  of  oxidation.  As  carbon  is  an  essential 
constituent  of  most  combustible  substances,  and  as  carbon  biu'ns 
in  a  free  supply  of  air  forming  carbon  dioxide,  the  latter  is  one  of  the 
most  common  products  of  combustion. 

Carbon  Dioxide. 

Formula,  CO,  Density,  21.9  (H  —  1)  or 

Molecular  Weight,  43.9  1.529  (air  =  1) 

Carbon  dioxide  is  also  often  called  carbonic  acid,  carbonic  acid 
gas,  and  carbonic  anhydride.  It  is  a  heavy  colorless  gas  about  one 
and  a  half  times  as  heavy  as  air.  It  has  a  faint  acid  taste  and  a 
slight  pungent  odor.  It  liquefies  at  17°C.  under  a  pressure  of  about 
54  atmospheres  (800  pounds  to  the  square  inch).  Liquid  carbon 
dioxide  is  a  colorless  liquid  with  a  boiling  point  about  — 80®C. 

The  gas  does  not  support  respiration  and  acts  injuriously  on 
the  system;  air  containing  about  12  per  cent  of  carbon  dioxide  by 
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volume  is  capable  of  causing  suffocation.  It  does  not  support  com- 
bustion but  apparently  retards  it.    (See  page  64.) 

Carbon  dioxide  is  readily  produced  by  heating  sodium  bicarbon- 
ate, when  the  following  reaction  takes  place 

2  HNa  CO,  =  Naj  CO,  +  HjO  +  CO2 

[2  (1  +  23  -hl2  +  48)1  r(12 -h  32)1 

168  J  L       ^4       J 

In  other  words  168  grams  of  sodium  bicarbonate  are  capable  of 
liberating  44  grams  of  carbon  dioxide — about  22.4  liters,  measured 
at  standard  temperatures  and  pressure. 

Carbon  Monoxide 

Formula,  CO  Molecular  Weight,  28 

Density,  14  (H  =  1);  .967  (air  =  1) 

When  many  substances  undergo  combustion  in  an  insufficient 
supply  of  air  (oxygen)  the  carbon  is  burned  to  carbon  dioxide  and 
carbon  monoxide.  Carbon  monoxide  is  a  colorless  and  tasteless  gas, 
having  a  faint  odor.  It  is  combustible,  burning,  when  ignited,  to 
carbon  dioxide,  with  a  pale-blue  flame.  It  forms  explosive  mixtures 
with  air,  and  is  often  present  in  the  air  after  a  dust  explosion.  (See 
page  72.)  It  is  a  very  poisonous  gas,  and  should  not  be  in- 
haled as  it  causes  insensibility  and  often  death  when  taken  into 
the  lungs  in  material  quantity. 

Other  Products  of  Combustion.  Water  is  a  common  product 
of  the  combustion  of  most  substances. 

An  important  product  of  the  combustion  of  many  compounds 
containing  sulphur  is  sulphur  dioxidcy  which  has  a  very  pungent, 
irritating  odor,  and  when  the  conditions  are  right  for  its  forma- 
tion at  a  fire,  it  is  capable  of  retarding  men  in  the  work  of  ex- 
tinction to  a  marked  extent.  It  is  formed,  for  example,  when 
carbon  disulphide  bums  in  the  air, 

CS,H-302=2S02H-C02 

The  inert  constituents  of  the  air,  of  which  nitrogen  and  carbon 
are  the  most  conspicuous  examples,  are  also  found  mixed  with  the 
products  of  combustion  of  substances.  Unburned  carbon  or  soot 
hardly  requires  to  be  discussed  in  this  connection. 
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EXTINCTION  OF  COMBUSTION 

In  order  for  the  combustion  of  a  substance  to  occur,  it  must 
possess  a  chemical  affinity  for  oxj'gen;  it  must  be  at  a  temperature 
at  which  this  affinity  operates  (ignition  point);  its  heat  of  combus- 
tion must  be  at  least  sufficient  to  maintain  the  ignition  temperature; 
and  a  supply  of  air  must  be  present  (supporter  of  combustion). 

Methods.  It  follows,  therefore,  that  the  process  of  combustion 
may  be  retarded  or  arrested  (1)  by  the  presence  of  any  substance 
which  affects  adversely  the  affinity  of  the  combustible  for  oxygen; 

(2)  by  cooling  the  combustible  or  surrounding  air  or  both;  (3)  by 
excluding  or  diminishing  the  supply  of  air  (oxygen). 

Method  (1)  has  never  been  applied  successfully  in  practice. 
Method  (2)  is  usually  carried  out  by  the  application  of  water.  In 
special  cases  certain  other  liquids  may  be  used,  also  sand,  eta  Method 

(3)  is  obviously  carried  out  by  the  application  of  gases  or  of  certain 
substances  which  are  capable  of  generating  gases.  The  application 
of  water  not  only  has  a  cooling  effect,  but  in  a  measure  seiyes  to 
exclude  air. 

Water.  Advantages.  In  general,  water  is  the  most  efficient 
agent  for  cooling  burning  materials,  ov^nng  to  its  great  thermal 
capacity  (specific  heat — see  page  35).  Moreover,  a  great  deal  of 
heat  is  required  to  convert  water  into  steam  (latent  heat),  after 
the  temperature  of  water  has  reached  100°C.  Taking  both  of  these 
factors  into  consideration,  it  is  estimated  that  a  given  weight  of 
water  will  take  up  more  heat  and  consequently  have  a  greater  cooling 
effect  when  applied  to  an  ordinary  fire  than  an  equal  weight  of  any 
substance  known  to  be  available  for  such  use. 

Water  also  serves  in  a  measure  to  retard  combustion  to  a  small 
extent  by  diminishing  the  supply  of  air,  owing  to  the  fact  that  the 
steam  formed  dilutes  the  air  in  contact  with  the  combustible,  and 
thus  reduces  the  number  of  molecules  of  oxygen  of  the  air  which 
come  into  contact  with  the  burning  substance  in  a  given  time. 

Disadvantages,  Water,  however,  possesses  certain  disadvan- 
tages as  an  extinguishing  agent.  It  is  not  suitable  for  use  in  extin- 
guishing certain  combustible  liquids,  which  are  lighter  than  and 
immiscible  with  it  (see  page  22),  owing  to  the  fact  that  the  burn- 
ing liquids  tend  to  float  on  the  water,  and  may  thus  be  carried  about. 
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and  spread  the  fire.  Gasoline,  petroleum,  ether,  benzene  (benzol), 
benzine,  fats,  so-called  heavy  mineral  oils,  tar,  many  waxes,  and 
resins  belong  to  this  class.  It  should  be  remembered  that  certain 
combustible  liquids  which  are  heavier  than  water  at  ordinary 
temperatures  become  lighter  than  water  when  heated  sufficiently. 

In  the  case  of  combustible  liquids  which  are  lighter  than  water 
but  misdble  with  it,  the  application  of  a  great  deal  of  water  under 
certain  circumstances  may  be  effective,  but  ordinarily  it  is  a  rather 
difficult  matter  to  secure  good  results  with  water  in  extinguishing 
such  combustibles.  For  example,  alcohol  is  miscible  with  water  in 
all  proportions  but  when  water  is  thrown  on  burning  alcohol  there 
is  danger  of  extending  the  fire  unless  a  very  large  volume  of  water 
can  be  applied  in  a  very  short  time. 

The  heat  of  combustion  of  most  inflammable  liquids  met  with 
in  practice  is  very  high,  and,  of  course,  tends  to  offset  the  cooling 
effect  of  water  to  a  marked  extent. 

Another  disadvantage  possessed  by  water  is  that  it  enters  into 
chemical  union  with  certain  substances  producing  heat.  For  example, 
water  and  calcium  oxide  (quicklime)  enter  into  combination  (see 
page  29),  and  the  reaction  is  accompanied  by  the  evolution  of 
considerable  heat.  Water  reacts  with  calcium  carbide,  with  the  evolu- 
tion of  heat  and  the  formation  of  the  combustible  gas,  acetylene 
CsH«.    (See  page  92.) 

CaC,+2H,0=Ca  (OH)2+C2  H, 

Certain  metals  as  potassium  and  sodium  when  brought  in  con- 
tact with  water  decompose  it  with  the  evolution  of  heat  and  the 
formation  of  (combustible)  hydrogen.  (See  Experiment  No.  5.) 
Rubidium,  caesium,  calcium,  barium,  and  strontium  belong  to  this 
class.  Manganese,  aluminum,  and  zinc,  when  in  a  finely-divided  con- 
dition, also  decompose  water;  in  fact,  most  metals  when  red-hot 
decompose  water. 

The  application  of  water  in  streams  to  finely-divided  or  pulverant 
combustibles  is  attended  with  the  hazard  of  producing  explosive  dust- 
air  mixtures.  Lampblack,  coal  dust,  metal  dust,  and  many  other 
kinds  of  combustible  dust  belong  to  this  class. 

An  indirect  disadvantage  possessed  by  water  as  an  extinguishing 
agent  is  its  high  freezing  point  (0°C.  or  32°F.).  As  a  result,  it  is  neces- 
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sary  to  take  steps  to  prevent  the  freezing  of  water  intended  for  use 
as  an  extinguishing  agent.  This  is  often  difficult  to  accomplish 
under  the  conditions  met  with  in  practice.  The  addition  of  calcium 
chloride,  CaClj,  depresses  the  freezing  point  of  water;  and  in  some 
cases  can  be  used  for  this  purpose  to  advantage. 

Non-Combustible  Mineral  Salts.  In  many  cases  where  the  use 
of  water  is  inadmissible,  particularly  in  the  case  of  burning  liquids, 
dry  sand,  plaster  of  paris,  barium  sulphate,  and  sodium  bicarbonate 
can  often  be  used  effectively.  These  substances  exert  a  cooling 
effect,  and  at  the  same  time  prevent  access  of  air,  if  used  in  sufficient 
quantities  and  applied  so  as  to  cover  the  fire. 

The  addition  of  mineral  salts  to  water  for  the  purpose  of  increas- 
ing its  cooling  effect  is  practically  of  no  ser\-ice  in  this  respect.  The 
thermal  capacity  of  salts  often  used  for  this  purpose  is  much  too 
low  to  increase  materially  the  thermal  capacity  of  water.  See  page  36. 

Gaseous  Extinguishing  Agents.  Under  this  head  come  gaseous 
agents  for  the  extinction  of  combustion  by  exclusion  or  dilution  of 
air.  The  disadvantage  of  gaseous  extinguishing  agents  is  that  they 
are  practically  useless  when  employed  in  the  open,  owing  to  the  fact 
that  they  are  rapidly  carried  upward  and  away  from  the  zone  of 
combustion  by  the  air  currents  that  are  produced  by  the  heat.  In 
confined  spaces  they  are,  however,  often  effective. 

.Carbon  dioxide  is  preferable  to  most  gaseous  extinguishing 
agents  and  is  safer  to  work  with.  The  power  of  carbon  dioxide  to 
extinguish  fiame  in  confined  spaces  is  important  and  receives  some 
practical  application,  ^^^len  a  substance  is  allowed  to  bum  in  a 
confifned  portion  of  air,  the  combustion  continues  till  the  propor- 
tion of  oxygen  is  reduced  to  a  certain  point,  and  a  certain  propor- 
tion of  carbon  dioxide  is  present,  when  the  flame  is  extinguished. 
The  proportion  of  carbon  dioxide  required  to  extinguish  flame 
varies  in  each  case  and  depends  principally  on  the  nature  of  the 
combustible  and  the  proportion  of  oxygen  present.  For  example, 
the  flame  of  an  ordinary  candle  when  allowed  to  burn  in  a  confined 
portion  of  air  is  extinguished  when  the  oxygen  is  reduced  to  about 
18  to  19  per  cent  by  volume,  and  there  is  at  the  same  time  about 
2  to  3  per  cent  by  volume  of  carbon  dioxide  present;  but  phos- 
phorus will  burn  in  air  which  will  not  support  the  combustion  of 
the  candle  flame.    In  the  case  of  air  containing  the  normal  amount 
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ci  oxygeUf  an  addition  of  about  14  per  cent  by  volume  of  carbon 
dioxide  is  required  to  extinguish  a  candle  flame;  while  in  the  case  of 
coal  gas  flame,  the  addition  of  about  33  per  cent  by  volume  jof  carbon 
dioxide  is  required  to  prevent  combustion. 

Carbon  tetrachloride,  CCU,  is  a  very  volatile  liquid  which  in 
many  cases  can  be  used  effectively  in  extinguishing  flame.  It  mixes 
with  many  combustible  liquids  which  are  immiscible  with  water, 

EXPLOSIONS 

In  general,  an  explosion  is  essentially  a  very  sudden  expansion 
or  transformation  of  a  substance,  resulting  in  a  great  increase  in 
vdume  or  pressure,  usually  attended  by  a  loud  noise.  The  term 
receives  a  very  general  application,  being  applied  not  only  to  certain 
1'>***«M^1  phenomena,  but  to  physical  phenomena  such  as  the  dis- 
nqytion  oi  a  boiler,  followed  by  a  sudden  expansion  of  steam  in  a 
Qompressed  state,  and  to  such  phenomena  as  the  disruption  of  a  fly- 
wheel rumiing  at  a  high  speed.  Ph^'sical  phenomena  of  this  order, 
bowefver,  do  not  bear  any  relation  to  combustion  and  accordingly 
win  not  be  treated  in  this  text. 

'Most  explosions  are  essentially  chemical  reactions,  taking  place 
TBty  rapidly  and  accompanied  by  the  sudden  liberation  of  heat  and 
a  relatively  large  quantity  of  gas.  Many  explosions  of  this  order 
are  produced  by  rapid  combustion,  and  in  some  cases  both  by  de- 
compoBiticm  and  by  combustion. 

.  (teneral  Nature  of  E3q)losion5.  We  have  already  learned  thai 
i^ien  any  gas  b  heated  it  t^nds  to  expand,  and  if  heated  in  a  con* 
fined  apace  the  tendency  to  expand  causes  pressure.  Furthermore, 
die  higgler  the  temperature  to  which  the  gas  is  heated  the  greater 
the  tendency  toward  expansion,  and  if  confined,  the  greater  the 
llfwuin  produced.  It  is  also  true  that  when  a  given  quantity  of 
hnt  is  veiy  suddenly  applied  to  a  given  amount  of  gas,  as  occurs 
b  an  csfdosion,  a  comparatively  great  expansive  effect  is  produced. 
When  such  a  chemical  reaction  takes  place,  the  expansive  effect, 
Cr.dm  force  of  the  explosion,  depends  principally .  on : 

-  (1)    The  nature  and  quantity  of  the  substance  undergoing  the  chem- 

ical change. 
'  (2)    The  rapidity  with  which  the  substance  undergoes  t  he  chemical  obangej 

-  -  (8)    Tlie  quantity  of  gas  produced. 

(4)    The  heat  developed. 
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Characteristics  of  Explosives.  From  the  above  it  is  evident 
that  an  explosive,  from  the  chemical  standpoint,  is  a  substance 
capable  of  suddenly  undergoing  a  chemical  change  with  the  liberar 
tion  of  a  large  amount  of  gas  and  heat.  For  example,  dynamite, 
guncotton,  nitro-glycerin,  and  gunpowder  when  **fired"  explode; 
that  is,  they  are  suddenly  converted  into  gases  with  the  liberation 
of  heat,  the  gases  produced  tending  to  occupy  a  large  volume. 

Classification.  Explosives  cannot,  it  seems,  be  classified  very 
definitely  on  a  chemical  basis,  as  the  behavior  and  character  of 
different  explosives  vary  to  a  marked  extent.  In  practice,  many 
of  the  explosives  which  are  useful  for  doing  work  are  often  referred 
to  as  ammunition  and  blasting  materials. 

The  maximum  effect  can  be  obtained  only  from  a  certain  class 
of  explosives  by  means  of  intermediate  explosive  agents  termed 
detonators,  which  are  themselves  very  explosive  compounds.  Ex- 
plosives which  can  be  made  to  explode  most  effectively  only  by 
means  of  detonators  include  guncotton,  dynamite,  and  nitro- 
glycerin. This  class  of  explosives  is  often  termed  high  explosives^ 
while  explosives  like  gunpowder  which  are  not  so  powerful  are 
often  termed  low  explosives. 

Detonators  are  prepared  from  a  class  of  explosives,  termed 
fulminates,  which  are  violently  explosive  compounds,  the  decom- 
position of  which  takes  place  almost  instantaneously.  As  a  result, 
their  action  is  extremely  destructive,  and  consequently  they  are 
not  suitable  for  doing  many  useful  kinds  of  work.  They  are  very 
sensitive  to  shock,  friction,  and  heat.  The  most  important  one  is 
the  fulminate  of  mercurj',  which  is  used  in  the  manufacture  of  de- 
tonators, percussion  caps,  etc. 

The  term  explosive  is  also  used  in  a  broader  sense,  being  often 
applied  to  substances  which  are  capable  of  producing  explosions 
when  in  admixture  with  other  substances.  This  class  includes  oxy- 
gen carriers  (see  page  72),  combustible  dust  (see  page  71),  dust  ex- 
plosions, and  some  gases  and  vapors  which,  when  mixed  with  the 
air  in  certain  proportions,  form  explosive  vapor  or  gas-air  mixtures. 
The  ox>'gen  of  the  air  plays  an  essential  part  in  the  explosion  of 
such  gases  and  vapors,  and  the  mixture  of  gas  or  vapor  and  air 
Ls,  therefore,  properly  termed  explosive.  It  will  (be  evident  that 
either  the  air  or  gas  taken  separately  b  non-explosive. 
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TABLE  IX 
Combustible  Oases  Lighter  than  Air 
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Gas 

Approximatb 
Density 
(Air=l) 

Acetylene 
Hydrogen 
Carbon  Monoxide 
Coal  Gas 

.91 
.069 
.967 
.4  to  .6 

Explosive  gas-  or  vapor-air  mixtures  are  obviously  of  a  different 
order  from  substances  like  guncotton,  although  in  both  cases  there 
is  a  sudden  expansive  effect  produced  by  heated  gases.  In  the  case 
of  guncotton  and  similar  explosives  the  expansive  effect  (explosion) 
b  produced,  as  we  have  seen,  by  the  sudden  transformation  of  the 
guncotton  into  gases  with  the  liberation  of  heat;  at  the  instant  the 
gas  is  produced  it  is  in  a  compressed  state,  so  to  speak,  and  imme- 
diately tends  to  occupy  a  larger  volume;  at  the  same  time  the  liberated 
heat  increases  the  tendency  td  expand  (pressure).  On  the  other 
hand,  in  the  case  of  an  explosive  mixture  of  gas  and  air  or  of  vapor 
and  air,  the  expansive  effect  is  due  principally  to  the  heating  of  the 
gaseous  products  of  combustion. 

EXPL0SIV6  QAS-AIR  AND  VAPOR-AIR  MIXTURES 

General  Nature.  We  have  learned  that  when  gases  are  brought 
together  they  begin  to  intermix(diffusion,  see  page  19),  and* if  left  alone 
finally  form  a  uniform  mixture.  This  is  also  true  of  vapors,  although 
some  of  ther  vapors,  which  are  relatively  heavy — such  as  those  of 
gasoline  and  carbon  disulphide — diffuse  with  air  very  slowly.  The 
heavy  gas  and  vapors  naturally  tend  to  slowly  form  mixtures  with 
the  air  near  the  floor,  while  the  light  gases  and  vapors  rapidly  form 
mixtures  first  near  the  ceiling,  though  in  time,  of  course,  the  mixture 
gradually  extends  over  the  entire  space. 

Table  IX  and  Table  X  show  the  density*  of  a  number  of 
combustible  gases. 

When  a  portion  of  a  combustible  gas-air  or  vapor-air  mixture 
is  ignited,  the  combustion  travels  to  the  surrounding  parts  of  the 


•See  "DifFuacm.' 
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TABLE  X 
Combustible  Oases  Heavier  Than  Air 


Approxxiiatb 

Gas 

DCNHTT 

(Air=l) 

Alcohol,  methyl 

1.1 

Alcohol,  grain 

1.6 

♦  Alcohol,  denatured 

1.4 

Carbon  Disulphide 

2.6 

Benxene  (Benzole) 

2.7 

t  Benxine 

4 

Ether 

2.6 

t  Gasoline 

3 

•Completely  denatured — Oovemment  Formula  I. 

tCoDsiatfl  of  hydrocarbons  of  different  weights — average  density  variaa. 

mixture — in  other  words  propagates  itself.  Following  the  path  of 
the  combustion  is  the  highly  heated  gaseous  products  of  combus- 
tion, which  tend  to  expand.  The  velocity  at  which  the  combustion 
advances  or  propagates  itself,  is  different  for  different  gaseous  mix- 
tures and  depends  on  (1)  the  chemical  affinity  of  the  gas  or  vapor 
for  oxygen;  (2)  the  heat  of  combustion  of  the  gas  or  vapor;  (3)  the 
proportion  of  air  (atmospheric  oxygen)  present  in  the  mixture;  and 
(4)  the  pressure.  The  higher  the  velocity  of  combustion  and  the 
heat  of  combustion  the  greater  the  rise  in  temperature  which,  of 
course,  affects  the  expansion  of  the  gases,  and  with  certain  gases 
influences  the  products  of  combustion.  The  expanding  gases  exert 
a  pressure  on  the  walls  of  the  containing  vessel,  room,  or  any- 
thing that  resists  the  expansion,  and  may  produce  great  damage. 

EXPLOSIVE  RANGE  OP  OASES  AND  VAPORS 

An  explosion  of  gas-air  or  vapor-air  mixture  is,  therefore,  the 
result  of  a  chemical  reaction,  taking  place  between  the  gas  or  vapor 
and  the  oxygen  of  the  air,  except  in  certain  cases  when  the  explosion 
is  produced  or  aided  by  decomposition  of  a  gas.  (See  acetylene.) 
In  studying  chemical  reactions  we  learned  that  when  a  substance 
enters  into  union  with  oxygen  it  does  so  in  certain  definite  propor- 
tions (see  page  15).  Accordingly  when  a  combustible  gas  or  vapor 
burns  in  a  sufficient  supply  of  air,  a  certain  definite  quantity  of 
oxygen,  no  more  or  no  less,  enters  into  combination  with  the  gas  or 
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TABLE  XI 
Bxplosibillty  of  Certain  Important  Oases  and  Vapors 
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Gas 

Per  Cent 

Acetylene 

*3  to  82 

t  Alcohol,  ethyl 

4  to  13-14 

Benzol 

2  to  7 

Carbon  Monoxide 

13  to  75 

Coal  Gas  (1) 

7  to  30 

Ether 

3  to  75 

Hydrogen 

5  to  80 

Marsh  Gas 

5  to  17 

*AccordiDS  to  Bunte,  Clowe«,  Von  Schwarti,  Lewis  and  others.  Experiments  by  the 
writer  with  the  gas  resultins  fiom  the  slaking  of  commercial  carbide  fail  to  produce  explo- 
nons  in  mixtures  where  proportions  of  the  gas  exceed  35  per  cent. 

tAlcohol  vapor  begins  to  condense,  at  ordinary  temperaturei,  before  the  percentage 
of  vapor  exceeds  the  upper  limit. 

Note.  —  Results  obtained  by  different  observers  vary,  owing  mainly  to 
the  fact  that  results  are  influenced  by  experimental  conditions. 

vapor.  Hence,  if  the  gas-  or  vapor-air  mixture  contains  an  insufficient 
quantity  of  oxygen  to  satisfy  the  affinity  of  the  gas  or  vapor  for  oxygen 
there  will  be  a  quantity  of  the  unburned  gas  or  vapor  left  over.  On 
the  other  hand,  if  there  is  present  any  excess  of  atmospheric  oxj'gen 
over  the  amount  required  for  the  reaction,  this  excess  will  be  left 
over.  In  short,  if  there  is  any  excess  of  gas  or  oxygen  in  the  mix- 
ture this  will  not  only  fail  to  take  part  in  the  production  of  heat  and 
flame,  but  will  absorb  heat,  thereby  preventing  the  mixture  from 
attaining  as  high  a  temperature  and  burning  as  rapidly  as  it  would 
in  the  absence  of  an  excess  of  gas  or  air;  in  other  words,  an  excess 
of  air,  gas,  or  vapor  retards  combustion  by  taking  up  heat  and 
diluting  the  mixtures. 

It  is  further  found  that  if  too  great  an  excess  of  either  gas  or  air 
is  present  in  the  mixture  it  is  not  capable  of  burning.  In  other 
words,  in  the  case  of  each  combustible  gas  or  vapor  not  only  must 
a  certain  mimmum  proportion  of  gas  be  present  in  order  for  the 
mixture  to  bum,  but  there  is  also  a  maximum  limit  to  the  propor- 
tion of  gas  beyond  which  the  mixture  will  not  bum.  The  propor- 
tions depend  on  the  nature  of  the  gas  or  vapor  and  differ  in  every 
case.    The  range  between  the  minimum  and  maximum  proportions 
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by  volume  of  a  gas  or  a  vapor  required  to  form  inflammable  mixtures 
with  air  is  termed  the  explmiK  range  of  that  gas  or  vapor;  the 
minimum  proportion  being  termed  the  lower  limit,  and  the  mazi- 
raum  proportion  the  upper  limil. 

For  example,  the  lower  limit  of  explosibility  for  coiJ  gas  is  about 
7  per  cent  and  the  upper  limit  30  per  cent  making  the  range  of  ex- 
plosibility equal  to  the  difference  between  these  two  limits,  ot  23. 

In  the  case  of  gasoline  vapor  (under  ordinary  conditions)  1} 
to  2  per  cent  by  volume  is  the  low  limit  of  explosibility;  hence,  mix- 
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tures  of  gasoline  vuiH>r  and  air  containing  less  than  IJ  to  2  per  cent 
of  vapor  do  not  take  tire  and  burn  when  a  flame  or  spark  is  applied. 
About  6  per  cent  t.s  the  upper  limit  and  accordingly  the  explosive 
range  for  gasoline  vapor  is  4  to  5. 

The  range  of  explosibility  varies  with  the  temperature,  the 
pressure,  the  amount  of  moisture  in  the  atmosphere,  the  size  and 
shape  of  the  enclosure,  and  the  method  of  ignition. 

Table  XI  shows  the  approximate  relative  range  of  explosibility 
for  certain  important  gases  and  vapors. 
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Fig.  24  gives  a  graphical  representation  of  the  rate  of  propa- 
gation of  the  combustion  of  certain  gas-air  mixtures.  It  will  be 
seen  that  in  the  case  of  each  gas  the  rate  of  combustion  varies  with 
the  proportion  of  gas  in  the  mixture.  Mixed  with  air  in  certain 
proportions  these  gases  bum  rapidly  with  the  production  of  a  high 
temperature,  and  as  a  result  a  sudden  expansion  of  the  gaseous 
products  of  combustion  occurs,  which  may  cause  great  pressure. 
The  violence  of  explosions  of  gas-air  or  vapor-air  mixtures  depends 
principally  on  the  rate  of  propagation  of  the  combustion  and  the 
heat  of  combustion. 

OUST  EXPLOSIONS 

Nature.  Many  solid  substances  when  in  a  finely-divided  con- 
dition, suspended  in  the  air  in  certain  proportions,  are  capable  of 
burning  very  rapidly  with  the  sudden  production  of  gas  and  heat, 
and  thereby  causing  an  explosion.  Such  a  mixture  is  termed  an 
expUmve  dust^air  mixture,  and  the  explosion  produced  by  the  com- 
bustion of  the  mixture  is  known  as  a  dust  explosion. 

When  an  explosive  dust-air  mixtm^  is  ignited  at  any  point, 
say  by  a  spark  or  flange,  the  combustion  travels  from  the  ignited 
portion  to  surrounding  portions — that  is,  propagates  itself — and, 
at  the  same  time,  heat  and  gaseous  products  of  combustion  are 
produced.  The  latter  occupy  a  considerably  larger  volume  than 
was  previously  occupied  by  the  dust,  and  thus  produces  an  expansive 
effect;  the  heat  evolved  by  this  combustion,  of  course,  greatly  in- 
creases the  expansive  effect.  If  the  rate  of  propagation  of  the  com- 
bustion of  the  mixture  is  very  rapid,  a  great  deal  of  hot  gas  will 
very  suddenly  be  produced.  Dust  explosions  usually  take  place 
very  suddenly  and  are  generally  of  a  violent  nature. 

The  force  of  a  dust  explosion  will  depend  principally  upon: 
(1)  The  combustibility  (affinity  tor  oxygen)  of  the  dust,  (2)  The 
fineness  of  division  (which  favors  intimate  contact  with  the  ox^'^gen 
of  the  air)  of  the  dust,  (3)  The  rate  of  propagation  of  the  combus- 
tion; that  is,  the  rapidity  with  which  the  chemical  reaction  takes 
place,  (4)  The  heat  of  combustion,  (5)  The  quantity  of  the  dust- 
air  mixture,  and  (6)  The  proportions  of  dust  and  air  in  the  mixture. 

Certain  Woridng  Conditions.  Most  combustible  substances 
when  in  the  form  of  dust  are  capable  of  forming  explosive  dust-air 
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mixtures,  and  it  should  be  noted  in  this  connection  that  many 
substances  which,  when  in  the  compact  form,  will  bum  only  very 
slowly,  are  capable  of  burning  very  rapidly  when  disseminated  in 
the  air  in  the  form  of  dust.  Certain  dust  may  in  some  cases  absorb 
or  occlude  some  of  the  ox>'gen  of  the  air  and  thus  become  more  com- 
bustible owing  to  the  intimate  contact  of  the  molecules  of  dust  with 
the  absorbed  oxygen. 

The  actual  amount  or  weight  of  dust  in  the  mixture  is  of  sec- 
ondary importance  to  the  fineness  of  division  of  the  dust  for  it  wiU 
be  evident  that  the  finer  the  dust  the  greater  the  number  of  particles 
or  molecules  that  will  be  oxidized  in  a  given  time,  and  as  a  result 
the  greater  amount  of  heat  and  gas  produced.  In  order  for  the 
mixture  to  be  explosive  there  must  be  a  sufficient  proportion  of 
dust  present  to  propagate  the  combustion,  and  yet  the  proportion 
of  dust  should  not  be  so  great  as  to  require  for  its  combustion  more 
oxygen  than  is  present  in  the  mixture.  This  latter  condition  seldom 
occurs,  because,  when  a  large  amount  of  dust  is  thrown  into  the  air, 
a  portion  settles  out  almost  immediately. 

Sparks,  flame,  or  some  source  of  heat  is  necessary  to  cause  the 
ignition  of  dust-air  mixture  as  it  is  not  subject  to  explosion  by 
concussion  or  shock. 

The  presence  of  combustible  dust  in  explosive  vapor-air  or  gas- 
air  mixtures  often  greatly  aids  in  the  propagation  and  violence  of 
the  explosion. 

Typical  Explosive  Dusts.  Some  of  the  most  explosive  dust-air 
mixtures  known  are  formed  by  flour  and  air,  and  the  explosions  from 
this  mixture  are  very  \'iolent.  Coal  dust  is  also  capable  of  forming 
highly  explosive  mixtures  with  air.  The  explosions  in  the  case  of 
coal  dust  result  in  the  formation  of  carbon  monoxide,  a  very  poison- 
ous gas,  which  often  renders  the  work  of  rescue  dangerous  for  some 
time  after  the  explosion  has  occurred. 

Malt  dust  and  sugar  dust  have  caused  dangerous  explosions; 
in  fact,  most  combustible  dust  is  to  be  regarded  as  dangerous  when 
suspended  in  the  air. 

OXYGEN  CARRIERS 

There  is  an  important  class  of  oxygen  compounds,  known  chem- 
ically as  oxidizing  agents,  which  may  be  regarded  as  supporters  of 
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combustion  or  carriers  cf  oxygen.  They  are  not  themselves  com- 
bustible or  explosive,  but  behave  under  certain  conditions  like  the 
element  oxygen  itself,  being  capable  of  supporting  the  active  com- 
bustion of  many  substances.  They  consist  of  oxygen,  chemically 
combined  with  one  or  more  other  elements  in  such  a  way  that  a 
portion  of  the  oxygen  may  be  regarded  as  loosely  combined.  This 
loosely-combined  oxygen  is  ready,  so  to  speak,  to  depart  from  its 
associates  in  the  compound  and  recombine  with  certain  other  sub- 
stances. In  other  words,  in  this  class  of  compounds  the  chemical 
affinity  of  a  portion  of  the  combined  oxygen  for  the  elements  with 
which  it  is  united  is  not  very  strong,  and  as  a  result  heat,  and  in 
some  cases  friction  or  shock,  causes  the  liberation  of  oxygen.  At 
the  moment  this  oxygen  is  set  free  it  is  in  the  nascent  state  (see  page 
10),  and  is,  therefore,  very  active  chemically.  If  the  oxygen  carrier 
is  in  contact  with  a  combustible  substance  when  the  ox^'gen  is  being 
liberated  a  rapid  reaction  between  the  oxygen  and  the  combustible 
may  occur,  so  rapid  in  some  cases  as  to  produce  a  violent  explosion. 

The  reaction  is,  of  course,  influenced  by  the  prevailing  tem- 
perature, but  as  oxidation  takes  place  much  more  readily  and  rapidly 
in  undiluted  oxygen  (particularly  when  in  the  nascent  state)  than  in 
the  air,  the  process  of  oxidation  itself  may  begin  at  comparatively 
low  temperatures,  and  thereby  generate  sufficient  heat  to  cause 
combustion  or  explosion.  Among  the  most  important  oxygen  carriers 
are  certain  nitrates  (nitric  acid),  peroxides,  and  chlorates. 

Nitrates.  Some  of  the  important  nitrates  are:  nitrate  of  soda, 
NaNOi,  or  Chili  saltpeter;  nitrate  of  potassium,  KNOj,  saltpeter; 
ammonium  nitrate,  NH4NOS;  barium  nitrate,  Ba  (N03)2;  and  stron- 
tium nitrate,  Sr  (N0s)2.  The  above  compounds  are  regarded  as 
salts  of  nitric  add  (see  page  15),  HNO3,  being  formed  by  the  replace- 
ment of  the  H  in  the  acid.    Nitric  acid  b  itself  a  carrier  of  oxygen. 

Nitric  Add. 

Synonyms — Acidium  Nitricum,  Aqua  Fortis 

Nitric  add  is  a  fuming  corrosive  liquid,  the  vapors  from  which  are 
very  irritating.  The  conunerdal  acid  has  a  reddish-yellow  color, 
and  consists  prindpally  of  oxygen,  a  portion  of  which  it  readily 
parts  with.  When  brought  in  contact  with  warm  organic  materials 
such  as  sawdust,  charcoal,  paper,  and  the  like,  oxidation  takes  place 
so  nq>idly  that  the  process  may  soon  become  one  of  combustion.    In 
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some  cases  nitric  add  may  cause  a  fire  without  the  application  of 
any  external  heat  by  oxidation  of  dry  combustible  matter. 

ExpERmsNT  11. — Apparatus  reqiured:  Porcelain  dish  such  as  was  used 
in  Experiment  10.    Burner  or  other  source  of  heat. 

Chemicals  required:  Small  quantity  of  powdered  charcoal;  about  90 
c.c.  of  strong  nitric  acid. 

Dry  the  charcoal  by  heating  it  slightly  for  some  time;  keep  it  constantly 
under  observation.  When  apparently  dry,  and  while  still  warm,  allow 
a  few  drops  of  nitric  acid  to  fall  on  a  few  grams  of  charcoal  in  the  dish. 
The  brown  fumes  given  off  consist  of  oxides  of  nitrogen;  a  portion  of  the 
acid  combines  with  the  carbon,  producing  heat,  and  finally  the  charcoal 
takes  fire.     Caution — Danger — Do  not  add  the  acid  rapidly. 

Nitrate  of  Soda.  When  exposed  to  the  air  nitrate  of  soda  absorbs 
moisture,  and  if  it  is  in  contact  with  organic  matter,  such  as  fibers, 
the  absorbed  moisture  carries  some  of  the  nitrate  into  the  organic 
matter  and  thereby  stores  in  it  available  ox>'gen.  Bags  used  for 
sodium  nitrate  usually  become  so  impregnated  with  the  salt,  that 
they  can  easily  be  ignited  by  a  small  spark  or  other  source  of  heat. 
When  heated  in  contact  with  organic  matter  the  salt  gives  up  a 
portion  of  its  oxygen,  possibly  causing  combustion  or  explosion. 

Potassium  Nitrate.  Potassium  nitrate  is  similar  to  sodium  nitrate 
in  many  respects;  it  does  not,  however,  absorb  moisture  from  the 
air,  and  is,  therefore,  preferable  to  sodium  nitrate  for  use  in  the 
maimfacture  of  gunpowder,  etc.  (See  page  87.)  When  heated  it 
decomposes  as  follows: 

KN03=KN0,+0 

Ammonium,  barium,  and  strontium  nitrates  act  very  much 
like  potassium  and  sodium  nitrates.  Anunonium  nitrate  is  used 
in  the  manufacture  of  many  explosives,  while  barium  and  strontium 
nitrates  are  used  in  fire  works. 

Peroxides.  Some  of  the  important  peroxides  are:  barium 
peroxide,  Ba02;  lead  peroxide,  Pb02;  manganese  peroxide,  MnOj;  po- 
tassium and  sodium  peroxides,  K2O2,  Na20j;  and  hydrogen  peroxide, 
H2O2.  The  peroxides  give  up  oxj'gen  at  much  lower  temperatures 
than  the  nitrates  and  are  more  hazardous. 

Barium  peroxide.  Barium  peroxide  like  other  carriers  of  oxygen 
is  capable  of  reacting  violently  with  combustibles,  especially  organic 
matter  such  as  paper,  wood,  etc. 
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£zPBRiicsNT  12. — Apparatus  required:  Porcelain  dish  such  as  was 
used  in  Experiment  10;  source  of  heat. 

Chemicals  required:  About  10  grams  of  powdered  barium  peroxide; 
small  quantity  of  sawdust. 

Mix  two  or  three  grams  of  the  peroxide  with  an  equal  amount  of  saw- 
dust. Place  in  the  dish,  and  support  same  over  burner  as  shown  in  Fig. 
21.  Heat  gradually.  Do  not  hold  the  face  or  hands  over  the  dish 
during  the  heating.  When  heated  sufficiently  the  mixture  will  bum 
violently.    Cauiion — Heat  far  away  from  co/nbustibles. 

The  peroxide  of  potassium,  sodium,  and  lead  behave  like  barium 
peroxide  in  this  respect. 

Hydrogen  Peroxide. 

Stnonyms. — Hydrogen  Dioxide, 

Oxygenated  Water,  HjO, 

Hydrogen  peroxide  is  a  syrupy  liquid  with  a  bitter  taste.  It 
is  a  powerful  disinfectant.  In  the  undiluted  state  it  is  very  explosive, 
especially  in  the  presence  of  dust.  It  is  soluble  in  water  and  is  gen- 
erally used  in  the  form  of  a  weak  aqueous  solution.  Its  use  in  this 
form  is  not  ordinarily  attended  with  danger. 

Chlorates.  The  most  hazardous  compounds  of  this  class  are 
the  chlorates.  They  may  readily  be  induced  to  liberate  oxygen  by 
heat,  concussion,  or  friction.  The  more  important  chlorates  are  those 
of  potassium  and  sodium. 

Potassium  and  Sodium  Chhraies.  The  ease  with  which  these 
salts  decompose  into  the  chlorides  and  ox>'gen  with  the  evolution 
of  a  great  deal  of  heat  renders  them  very  dangerous.  If  heated  or 
subjected  to  blows  or  sufficient  friction  when  in  contact  with  organic 
matter  they  are  liable  to  produce  explosions  of  great  violence.  They 
also  form  explosive  mixtures  when  associated  with  sulphur  or  certain 
sulphides  (see  page  89).  If  a  little  powdered  potassium  chlorate 
and  sulphur,  for  example,  are  rubbed  together  in  a  porcelain  mortar, 
they  detonate  violently. 

Potassium  or  sodium  chlorate  even  when  stored  out  of  contact 
with  organic  matter,  may  cause  explosions  in  burning  buildings  if 
the  hot  chlorate  and  the  smoke  (containing  organic  matter)  come 
in  contact  under  suitable  conditions.  A  very  slight  heat  may  induce 
eiplosions  of  mixtures  of  a  chlorate  and  organic  matter.  The  danger- 
ous character  of  the  chlorates  becomes  more  evident  when  we  con- 
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sider  that  they  are  capable  of  inducing  combustion  even  under 
water,  no  air  being  required,  Fig.  25. 

Ozone.    Ozone.  Oi,  is  ox^'gen  in  such  a  state  that  the  molecule 

consists  of  three  atoms  rather  than  two,  as  in  ordinary  ox>'gen. 

Ordinary  oxjgen  is  changed  into  ozone  by  elec- 

t//  trie  discharges  taking  place  in  oxj'gen  or  in  the 

air.  When  heated  to  a  temperature  of  about 
250°C.  the  ozone  is  broken  down  into  ordinary 
ojtj'gen. 

The  property  which  certain  elements  have 
of  being  con^■erted  into  different  forms  is  called 
allolropy.  Thus,  we  may  say  ozone  is  an  allo- 
tropic  modification  of  oxygen;  another  example 
b  afforded  by  carbon,  the  brilliant  diamond  be- 
ing un  allotropic  modification  of  the  black  car- 
bon. Allotropy  in  many  cases,  as  is  true  with 
ozone,  is  probably  due  to  a  difference  in  the 
number  of  atoms  of  the  element  contained  in  a 
molecule. 

Ozone  is  a  gas,  having  a  strone  unpleasant 
Flf.  M     KiploHon  ,  ,     .  f,.  .  . 

Vodtt  wiiEi  odor.      It  IS  a  strong  oxidizmg  agent,   is  veiy 

unstable  and  readily  combines  nith  metals  and 
organic  matter,  the  reaction  taking  place  with  \'iolence  under  suit- 
able corulitioris.     Hctice,  ozone  is  classed  with  the  carriers  of  oxj'gen. 

RELATIVE  COMBUSTIBILITY  OF  SUBSTANCES.    FIRE 
HAZARD 

The  chief  value  of  a  knowledge  of  chemistry  of  combustion  is 
the  means  it  affords  of  obtaining  measurements  which  indicate  the 
relative  combustibility  of  certain  substances  under  varying  con- 
ditions. This  information  is  obviously  of  the  utmost  importance 
to  the  fire  insurance  raters  and  underwriters  in  the  accurate  de- 
termination of  the  fire  hazard  of  the  many  combustible  substances 
met  with  in  practice.  In  fact,  the  lack  of  such  information  might 
often  lead  to  tremendous  losses  of  life  and  property, 

^Mien  we  know  certain  properties  of  a  liquid  we  can  indicate 
its  chemical  conduct  and  its  behavior  relative  to  fire.  For  this  pur- 
pose the  more  important  substances  may  be  divided  into  three 
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general  classes:  I.  CoTnbvsHbles:  II.  Substances  which  may  cause 
fires  or  explosions  vnthout  access  to  air;  and  III.  N&nrcombustibles. 
I.  Combustibles.  Combustibles  are  substances  that  will  burn 
in  the  air.  This  class  may  be  divided  into:  (1)  Solid,  (2)  Liquid, 
and  (3)  Gaseous. 

(1)  Solid  combustibles  may  be  divided  into  two  classes  (a) 
non-^colatile  and  (b)  volatile. 

(a)  The  two  most  important  members  of  the  non-volatile  class 
are  charcoal  and  coke  (see  page  81). 

(b)  Most  solid  combustibles  belong  to  the  volatile  class.  The 
combustibility  of  members  of  this  class  is  indicated  principally  by: 
flashing  point;  heat  of  combustion;  behavior  of  the  substance  when 
burning;  volatility,  and  chemical  stability. 

(2)  Liquid  combustibles  may  be  divided  into  three  general  classes : 

(a)  Those  which  give  oflF  inflammable  vapors  in  material  quan- 
tity at  temperatures  (indicated  by  flashing  point)  below  the  average 
room  temperature  (taken  as  about  20°C.  for  this  purpose).  Gasoline 
carbon  disulphide,  ether,  petroleum  ether,  acetone,  alcohol,  etc., 
bdong  to  this  class.    This  is  the  most  hazardous  class  of  liquids. 

(b)  Those  which  give  oflF  in  material  quantity  inflammable  vapors 
at  temperatures  below,  say  65^C.  but  somewhat  above  ordinary 
temperatures.  The  members  of  this  class  are  not  so  liable  at  ordinary 
temperatures,  to  be  ignited  by  a  small  flame,  and  are  less  hazardous 
than  the  foregoing  class.  If  slightly  heated,  however,  they  give  off 
inflammable  vapors  readily.  Kerosene  and  turpentine  are  important 
members  of  this  class. 

(c)  Those  which  do  not  give  oflF  inflammable  vapors  in  material 
quantity  except  at  high  temperatures.  To  this  class  belong  the 
so-called  heavy  mineral  oils,  and  also  most  of  the  oxidizing  vegetable 
oib.  As  the  oxidizing  oils  are  subject  to  spontaneous  ignition  they 
are  more  hazardous  than  the  flashing  point  would  indicate. 

In  determining  the  combustibility  or  fire  hazard  of  members 
of  any  of  these  three  classes  of  liquids  it  is  necessary  to  take  into 
consideration  other  prop)erties  than  the  flashing  and  burning  points. 
In  certain  cases  the  flashing  point  indicates  to  a  large  extent  the 
haaud  of  a  liquid.  As  a  rule,  for  example,  the  most  explosive  vapor- 
air  mixtures  are  from  liquids  having  very  low  flashing  points.  In 
tbe  case  of  liquids  which  have  flashing  points  near  ordinary  tem- 
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peratures  we  cannot  decide  their  relative  hazards  on  the 
point  basis  alone.  The  volatility  of  the  liquid  is  not  defined  com- 
pletely by  the  flashing  point,  but  is  only  indicated.  Nor  does  the 
flashing  point  tell  us  very  much  about  the  character  of  certain  mix- 
tures of  liquids. 

The  principal  characteristics  indicative  of  the  hazard  of  liquids 
of  classes  (a)  and  (b)  may  be  considered,  irrespective  of  their  relative 
importance,  to  be  as  follows: 

(I)  Flashing  i>oint;  (2)  BiirninK  point;  (3)  Ignition  point;  (4)  Heat 
of  combustion :  (5)  Volatility;  (6)  Explosive  range  of  vapors;  (7)  Rate  of 
propagation  of  combustion  of  vapor-air  mixtures;  (8)  Violence  of  vapor-air 
explosions:  (9)  Ability  as  a  factor  in  s|>ontaneous  ignition:  (10)  Density  of 
vapor;  and  (11)  Chemical  stability. 

The  most  important  characteristics  indicative  of  the  hazard  of 
liquids  of  class  (c)  are: 

(1)  Flashing  point;  (2)  Burning  point;  (3)  Ignition  point;  (4)  Heat 
of  combustion;  (9)  Ability  as  a  factor  in  spontaneous  ignition;  and  (11)  Chem- 
ical stability. 

Characteristics  5,  6,  7,  8,  and  10  are  evidently  of  secondary  im- 
portance in  determining  the  hazard  of  members  of  class  (c),  owing 
to  the  fact  that  they  do  not  give  off  vapors  in  material  quantity  ex- 
cept at  high  temperatures,  hence  tliey  are  not  liable  to  produce 
explosions  under  ordinary'  conditions. 

In  consideration  of  the  explosive  range  of  vapors,  we  know 
tliat  in  wrtain  proportions  the  explosives  will  be  very  violent,  while 
in  the  proportions  bordering  on  the  limits  of  the  range,  the  explosions 
will  be  less  violent.  A  vapor  with  a  wide  range  is  more  liable  under 
practical  conditions  to  become  mixed  with  air  within  the  wide  limits 
than  a  vapor  with  a  narrow  range.  The  ignition  point  is  evidently 
an  essential  factor  in  determining  hazard.  The  vapor  density  is 
also  of  importance.  If  the  vapors  are  much  heavier  than  air  they 
will  diffuse  very  slowly  and  may  accumulate  in  vessels  or  a  closed 
space  and  remain  for  some  time,  or  they  may  flow  to  a  distant  fire 
and  ignite.  The  volatility  is  of  importance.  How  rapidly  the  liquid 
will  give  off  vapors  at  ordinary  temperatures  and  also  when  heated 
are  very  important  questions.  The  volatility  is  often  measured 
by  the  vapor  pressure  (see  page  20)  and  the  boiling  point. 

As  a  general  rule  in  the  case  of  given  liquids,  other  characteristics 
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bmg  equal  or  equivalent  in  respect  to  combustibility,  the  lower  the 
flashing  point  the  higher  the  reladve  hazard.  The  hazard,  howe%-er, 
is  not  in  direct  proportion  to  the  flashing  point,  as  is  illustrated  by 
the  curve  shown  in  Fig.  26.    The  "height"  of  the  curve  measured 


SSGS  c 


Fit.  M.     Tnw  R«l>tios  ol  FlMbint  Poiot  tii  ReUlin  Huud 


-is 


on  the  line  AB  indicates  the  relative  hazard.  Following  the  line 
BC,  it  will  be  seen  that  as  the  flashing  point  rises,  the  curve  falb, 
but  not  in  direct  proportion.     If  the  relation  between  hazard  and 
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ftft^hing  point  were  in  direct  proportion,  this  would  be  indicated  as 
in  Fig.  27.  lie  hazard  rises  more  rapidly,  as  shown  by  the  curve, 
as  the  flashing  point  approaches  average  room  temperature.  At 
about  200^.  the  curve  nearly  coincides  with  a  straight  line  while 
at  about  40°C.  it  nearly  coincides  with  the  arc  of  a  circle. 
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(3)  Gfues.  In  considering  gases  the  following  properties  are 
of  importance  as  indicating  the  relative  hazard:  Explosive  tange; 
Violence  of  explosions;  Rate  of  propagation  of  combustion;  Heat  dt 
combustion;  Ignition  point;  Density  (diffusibility);  and  Chemical 
stability. 

II.  Substances  Which  Produce  Explosions  or  Fires  without 
Access  of  Ah".  This  includes  conmiercial  explosives,  such  as  gun- 
powder, guncotton,  dynamite,  etc.,  also  oxygen  carriers  and  other 
substances.  Owing  to  the  diversified  nature  of  members  of  this 
class,  the  prop)erties  indicative  of  the  hazard  differ  considerably, 
making  a  very  definite  classification  impractical. 

III.  Non-Combustibie  Substances.  This  class,  obviously, 
includes  substances  which  do  not  take  part  in  or  cause  fires,  and, 
therefore,  have  no  flashing  point,  burning  point,  or  ignition  point 
within  the  range  of  temperature  met  with  in  practice.   . 

CERTAIN  COMBUSTIBLES 

A  large  number  of  important  combustibles  have  already  been 
discussed,  and  their  characteristic  properties  having  a  bearing  on 
their  relative  combustibility  pointed  out;  these  will  not,  therefore, 
require  mention  in  the  following  pages  except  in  cases  where  new 
matter  in  reference  to  any  of  them  is  introduced. 

SOLIDS 

Coal.  This  well-known  mineral  is  of  vegetable  origin,  and  is 
found  in  various  parts  of  the  world  in  tlie  crust  of  the  earth.  It  con- 
sists principally  of  carbon.  Among  other  constituents  found  in  coal 
are,  hydrogen,  oxygen,  nitrogen,  sulphur  (usually  present  as  p>Tites 
iron  sulphide),  and  ash  (non-combustible  mineral  matter). 

Coal  contains  volatile  matter  (gas,  tar,  and  many  complex 
compounds)  and  may  be  divided,  according  to  the  content  of  volatile 
matter,  into  soft  or  bituminous  coal  and  hard  or  anthracite. 

Bituminous.  Bituminous  coal  contains  from  about  15  to  40 
per  cent  volatile  matter.  It  burns  ^nth  a  smoky  flame  on  combus- 
tion, evolving  large  quantities  of  gases  and  vapors.  It  is  employed 
for  the  manufacture  of  coal  gas  and  coke  and  for  most  ordinary  heat- 
ing purposes. 
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Hie  spontaneous  ignition  of  bituminous  coal  is  quite  generally 
attributed  to  the  oxidation  of  iron  pyrites,  but  this  explanation  is 
not  satisfactory.  Cases  of  spontaneous  ignition  of  coal  free  from 
pyrites  are  on  record.  Recent  investigations  seem  to  show  that  the 
spontaneous  heating  of  coal  is  due  to  the  oxidation  of  a  part  (the 
organic  matter)  of  the  coal  rather  than  to  iron  pyrites.  In  the  present 
state  of  the  art  the  most  practical  means  of  preventing  coal  from 
heating  spontaneously  is  by  securing  proper  ventilation,  so  that 
the  heat  will  be  carried  away  by  the  air  as  fast  as  it  is  generated  by 
the  slow  oxidation  of  the  coal. 

As  already  mentioned  coal  dust  is  capable  of  forming  explosive 
mixtures  with  air. 

Anthracite.  Anthracite  coal  is  hard,  yielding  from  5  to  about 
10  per  cent  of  volatile  matter.  It  is  more  difficult  to  ignite  than  bitu- 
minous coal,  and  bums  with  the  evolution  of  a  relatively  large  amount 
of  heat  and  the  formation  of  very  little  flame  and  smoke.  This 
form  of  coal  is  considered  to  be  less  hazardous  than  bituminous  or 
soft  coal. 

Coke.  When  the  volatile  constituents  of  coal  are  driven  off 
by  heat  (distillation)  without  access  of  air,  the  product  is  called 
coke.  It  is  also  obtained  In  the  manufacture  of  coal  gas.  It  retains  the 
inorganic  matter  (ash)  of  the  coal,  and  also  small  amounts  of  hydro- 
gen, oxygen,  nitrogen,  and  sulphur.  It  is  difficult  to  ignite  and  is 
not  subject  to  spontaneous  heating. 

Phosphorus 

^  Symbol  P  Atomic  Weight,  31 

MoLBCULAR  Weight,  124 

Phosphorus  is  a  volatile,  translucent,  almost  colorless  or 
slightly  yellow,  waxlike  solid.  It  appears  faintly  luminous  in  the 
dark.  Owing  to  its  strong  affinity  for  oxygen,  and  the  relatively 
low  temperature  at  which  the  affinity  operates  (ignition  point),  phos- 
phorus oxidizes  very  rapidly  when  exposed  to  the  air,  and  is  sub- 
ject to  spontaneous  ignition.  It  is  for  this  reason  best  preserved 
under  water. 

It  is  used  in  tlie  manufacture  of  matches;  and  also  on  account 
of  its  extremely  poisonous  property  as  a  constituent  of  rat  poison*. 

Red  or  amorphous    phosphorus  is  an    allotropic  modification 

^Maay  rmt  poiioiu  on  the  market,  on  account  of  the  presence  of  phosphoniB,  are  lub- 
J«ot  to  spontaneotis  ignition. 
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(stv  pa^e  7()),  pnKliKtMl  hy  Iioating  cmlinary  phosphorus  out  of  con- 
tact witli  tlie  air.  IUmI  phosphorus  is  jtlowly  oxidized  when  exposed 
to  moist  air.  It  is  not  ]K)isonous,  and  has  no  taste  or  smell.  Its 
chief  ust»  is  in  the  manufacture  of  a  class  of  matches,  termed  "safety 
matches". 

Matches,  The  matches  met  with  in  practice  today  may  be  di\nded 
into  two  g(*neral  classes:  the  ordinary  or  parlor  viateh  and  the  **safety'* 
vuitch. 

The  ordinary  matches  can  easily  be  ignited  by  friction  or  slight 
heat.  The  compositions  of  the  heads  of  different  brands  vary  con- 
siderably, but  always  (*oiitain  phosphorus,  and  are  evidently  very 
dangerous.  Fires  caustnl  by  such  matches  being  subjected  to 
accidental  friction  or  heating  are  of  constant  occurrence,  and  the 
loss  of  life  and  projK»rty  due  to  their  use  is  enormous*.  Unfor- 
tunately they  art*  far  more  commonly  use<l  than  the  "safety'*  match. 

''Safety'  matches,  **  Safety"  matches  are  made  with  splints  of 
wood  tipixnl  with  an  oxidizing  agent-carrier  of  oxygen — together 
with  some  (combustible  substanc*e  and  inert  materials;  thev  are 
ignited  by  being  rubluHl  uiK)n  a  prepared  surface,  consisting  essen- 
tially of  red  phosphorust.  The  comj>ositions  employed  in  the  differ- 
ent brands  vary  consideral)Iy,  and  as  a  result  some  kinds  are  far 
mort*  safe  for  use  and  storage  than  others.  In  most  cases  "safety" 
matches  will  not  ignite  by  ordinary  friction  on  any  but  the  prepared 
surfacrj,  and,  therefore,  they  are  not  so  liable  to  be  accidently  ignited 
as  the  ordinary  match.  Their  more  general  use  is  strongly  recom- 
mended becausi*  of  their  less  hazardous  and  less  i)oisonous  character. 

Wood.  The  composition  of  this  well-known  substance  varies 
c()nsi(UTal)Iy  according  to  the  age  and  naturt*  of  the  wood.  The 
essential  constituents  inchide:  the  fiber,  consisting  principally  of 
celhilosc,  Cr,  I  Ik,  ().,;  the  sap:  water:  and  often  resinous  matter. 

When  dry.  wood  is  very  easily  ignited,  and  bums  readily  with 
the  formation  of  flame  and  smoke.  Sawdust  when  piled  up  in  heaps 
while  in  the  damp  state  undergoes  decay,  accompanied  by  the 
evohition  of  heat,  which  may  result  under  favorable  conditions  in 
charring  and  sjH)ntaneous  ignition. 

^Th«'  firo  losfi  in  thin  country  is  about  |2.'»0,000.000  per  annum.  What  proporttOD 
of  this  loss  is  due  to  thi>  use  of  ordinal y  matohcM  cannot  \yo  determined  exactly,  but  it  in  oon- 
sidrrabh*. 

tit  iH  Ui  be  noted  that  the  nni  phosphorus  is  not  hahle  to  pnxluce  spontaneous  heattnff. 

jSome  "safety"  match  compositions  may  easily  be  ignited  by  being  drawn  rapidly 
along  a  smooth  surface. 
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Charcoal,  Carbon  Black,  IxinqMack,  Vegetable  Black.  These 
forms  of  carbon  have  been  referred  to  (see  page  31).  They  are 
essentially  finely-divided  charcoal;  hence,  they  are  porous  and 
capable  of  absorbing  gases  with  the  evolution  of  heat. 

They  often  contain  oil  which  renders  them  more  liable  to 
spontaneous  ignition.  When  free  from  oil  and  material  quantities  of 
foreign  matter  they  are  not  dangerous,  if  handled  and  stored  so  as 
to  avoid  exposure  to  moisture  and  to  marked  changes  in  tempera- 
ture. It  is  important  to  note  that  the  combustion  of  such  materials 
often'proceeds  quietly  under  the  external  surface  without  the  forma- 
tion of  flame  or  smoke  and  may  escape  detection  for  some  time.* 

Magnesium.  Magnesium,  Mg,  is  a  silvery  white  metal.  It  is 
combustible  in  the  air,  easily  being  ignited  when  in  the  form  of 
powder  or  wire,  burning  with  a  brilliant  white  light,  forming  mag- 
nesium oxide,  MgO.  It  is  used  in  the  manufacture  of  flash  light 
preparations. 

COAL  TAR  AND  BY-PRODUCTS 

Coal  tar  is  of  a  complex  composition,  containing  about  one 
hundred  and  fifty  different  substances.  It  is  obtained  by  the  dis- 
tillation of  coal  in  the  manufacture  of  coal  gas,  and  also  as  a  by- 
product in  the  manufacture  of  coke.  It  is  a  viscous  liquid  of  a  black 
color,  having  a  very  characteristic  odor.  The  flashing  point  varies 
according  to  the  content  of  readily  inflammable  and  volatile  gases 
and  vapors.  Many  crude  tars  give  off  inflammable  vapors  at  or 
below  ordinary-  temperatures. 

WTien  subjected  to  distillation,  a  separation  of  some  of  its  con- 
stituents takes  place,  the  ones  with  low  boiling  points  passing  over 
first  and  the  others  following  in  the  order  of  their  boiling  jx)ints. 
In  addition  some  of  the  vapors  are  decompose<l  by  the  heat  required 
in  the  process,  producing  very  different  substances.  Many  of  the 
constituents  pass  off  as  gases  at  the  l)eginning  of  the  process.  The 
portions  coming  over  at  different  temperatures  are  termed  rfw- 
tillaiejf.  The  principal  distillates  are :  First  runnings ;  light  or  medium 
oifs;  heavy  oil  (green  oil);  anthracite  oil;  and  residue  of  pitch. 


•A  box  of  about  two  cubic  feet  capacity  was  lillcd  with  carbon  black  which  was  then 
ijcnited.  Five  university  students  in8i>ectcd  the  burninK  material,  but  failed  tu  observe  the 
combustion  which  was  very  active  about  an  inch  below  the  surface  of  the  b  ack. 
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The  percentage  composition  of  the  distillates  depends  upon 
the  nature  of  the  tar  and  the  temperatures  at  which  the  distillation 
is  conducted.  The  various  fractions  are  purified  with  sulphuric  acid 
and  caustic  soda  and  redistilled,  yielding  principally:  Benzene,  CcHi; 
toluene  CyHg;  naphtha;  carbolic  acid;  naphthalene;  creosote  oil; 
lubricating  oil;  anthracene;  lamp  black;  pitch;  and  coke. 

Benzene.  Benzene,  also  called  benzol,  is  a  volatile,  colorless 
liquid,  having  a  tarry  odor.  It  boils  at  80-81°C.  and  freezes  at  about 
0**C.  It  gives  off  inflammable  vapors  at  ordinary  temperatures,* 
and  is  a  very  hazardous  liquid. 

Coal-Tar  Naphtha.  Naphtha  is  a  mobile,  highly  inflammable 
liquid,  having  a  tarry  odor.  It  is  a  mixture  of  hydrocarbons,  the 
specific  graWties  ranging  from  about  .875  to  about  .887. 

Toluene.  Toluene,  C-ffs,  is  a  mobile,  colorless  liquid.  It  is 
ver}'  inflammable,  but  not  as  dangerous  as  benzene. 

Benzene  and  toluene  are  used  principally  as  solvents  for  oils, 
fats,  resins,  etc.  Naphtha  is  used  as  a  solvent  for  rubber,  and  also 
for  lighting  purposes. 

Naphthaline.  Naphthaline,  CioHs,  is  a  white,  volatile  sub- 
stance, having  an  agreeable  oilor  when  pure,  but  a  very  objection- 
able odor  when  in  the  crude  state.  It  is  used  for  increasing  the 
illuminating  properties  of  coal  gas,  and  also  as  an  insecticide  (moth 
balls).  The  presence  of  the  vapors  in  fabrics  renders  them  very 
inflammable. 

Creosote  Oil.  Cresote  oil,  also  called  heavy  oil  and  dead  oil,  is 
a  heavy,  dark-brown  oil  with  an  odor  of  coal  tar.  It  is  heavier  than 
water,  the  si^ecific  gravity  ranging  from  1.058  to  1.124.  The  com- 
position of  creosote  oils  is  very  complex  from  a  chemical  standpoint, 
and  varies  materially  according  to  the  process  of  manufacture.  In 
some  works  that  iK)rti()n  of  coal  tar  distilling  between  200°  and  300**C. 
is  used.  Residual  oils  from  the  manufacture  of  various  products 
such  as  carl^olic  acid  and  naphthalene  are  also  used.  Creosote  oils 
contain  among  other  substances,  tar  acids,  various  neutral  oils, 
anthracene  and  naphthalene.  Tlie  main  application  of  creosote 
oil  is  for  preserving  timber.  The  impregnation  of  timber  with  the 
oil  hinders  the  subsequent  absorption  of  water,  and  has  a  strong 


*See  table  of  fla-shing  points,  page  56;  also  czplonive  ranges  of  vapor ,^h;Nme  69. 


94 


CHEMISTRY  OF  COMBUSTION  85 

antiseptic   action.      Once  ignited  creosote  oils  burn  very  rapidly 
with  the  formation  of  flame  and  smoke. 

PETROLEUM  AND  BY-PRODUCTS 

Crude  petroleum,  also  called  rock  oil  and  mineral  oil,  is  a  natural 
oil,  found  at  various  depths  in  many  parts  of  the  world.  Its  com- 
position and  character  vary  considerably.  It  consists  essentially 
of  a  very  large  number  of  solid,  liquid,  and  gaseous  compounds  of 
hydrogen  and  carbon  (hydrocarbons).  Most  of  these  hydrocarbons 
are  comparatively  stable  and  are  called  paraffin  hydrocarbons. 

The  inflammability  of  crude  petroleum  from  different  wells  varies 
considerably.  Many  varieties  give  off  inflammable  vapors  at  very 
low  temperatures,  and  are,  therefore,  extremely  hazardous. 

WTien  subjected  to  distillation  a  separation  of  the  petroleum 
constituents  takes  place.  Some  of  the  principal  products  obtained 
by  distillation  and  refining  are:  Cymogene;  petroleum  ether;  gaso- 
line; benzine;  naphtha;  kerosene  or  burning  oil;  mineral  lubricating 
oil;  vaseline;  and  paraffin  wax. 

Cymogene.  Cymogene  is  gaseous  at  ordinary  temperatures, 
and  is  very  inflammable. 

Petroleum  Ether  and  Gasoline.  Petroleum  ether  and  gaso- 
line  are  very  volatile  liquids,  having  characteristic  odors.  They  con- 
sist of  mixtures  of  light,  highly  inflammable  hydrocarbons,  and 
belong  to  the  most  hazardous  class  of  liquids.  They  are  used  prin- 
cipally as  solvents  for  resins,  fats,  etc.,  and  for  carbureting  gas. 

Benzine  and  Naphtha.  Benzine  and  naphtha  are  less  volatile 
than  gasoline,  and  are  not  so  highly  combustible,  but  give  off  inflam- 
mable vapors  below  ordinary  tem[)eratures,  and  are  very  hazardous. 
They  are  used  as  solvents,  and  as  substitutes  for  turjjentine. 

Kerosene.  Kerosene  consists  of  a  mixture  of  hydrocarbons, 
and  is  usually  of  a  slightly  yellow  color.  It  has  a  characteristic  odor. 
The  inflammability  of  kerosene  varies  considerably  owing  to  the  fact 
that  the  mixtures  sold  under  that  name  are  not  uniform.  Some 
contain  a  high  percentage  of  volatile  and  more  inflammable  hydro- 
carbons, and  are,  therefore,  dangerous.  As  enormous  quantities 
of  kerosene  are  used  for  lighting  purposes,  it  is  very  imj>ortant  that 
the  product  be  freed  from  the  lighter  and  more  inflammable  hydro- 
carbons before  use.    The  constant  occurrence  of  a  great  number  of 
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accidents  from  kerosene,  resulting  in  loss  of  life  and  property,  makes 
evident  the  danger  of  permitting  the  sale  of  kerosene  which  b  capable 
of  giving  oflf  inflammable  vapors  at  or  near  ordinary*  temperatures. 
The  flashing  point  of  kerosene  is  specified  by  law  in  certain  states. 

It  is  considered  that  kerosene  for  lighting  purposes  should 
have  a  minimum  flashing  point  of  alK)ut  iii)^C,  in  order  that  accidental 
contact  with  a  small  flame  under  ordinary  circumstances  may  not 
be  liable  to  result  in  a  fire*  or  explosion. 

Mineral  Lubricating  Oils.  Mineral  lubricating  oils  var>'  greatly 
in  character,  some  of  them  l)eing  very  thin  and  others  semi-solid 
at  ordinary  temperatures.  As  a  rule  they  are  not  very  hazardous, 
having  relatively  high  flashing  ix)ints.  When  heated  suflSciently, 
however,  they  burn  very  rapidly. 

Vaseline  and  Paraffin  Wax.  Vaseline  and  paraflfin  wax  are 
very  similar  to  mineral  lubricating  oils  in  respect  to  fire  hazard. 

MISCELLANEOUS  PRODUCTS 

Vegetable  and  Animal  Oils.  LinsetMl  and  cotton  seed  oil,  olive 
oil,  lard  oil,  tallow  oil,  and  marine  animal  oil,  have  as  a  rule  compar- 
atively high  flashing  jx)ints.  The  imj)()rtant  factor  relative  to  mem- 
bers of  this  group  is  their  liability  to  pnHiuce  spontaneous  heating. 

Highly  Inflammable  Liquids.  This  class  of  liquids  includes 
gusoUne,  petroleum  ether,  and  benzene,  and  is  capable  of  readily  pro- 
ducing explosive  vajK)r-air  mixturt»s. 

Acetone.  Awtone  or  dimethyl  ketone,  ("sH^O,  is  a  colorless 
liquid  of  cliaracteristic  (xlor.     Boiling  \nm\t  Vi2^V. 

Disulphide  of  Carbon,  (^arl)oii  disulphide,  (\S2,  is  a  colorless, 
heavy,  mobile  liquid  with  a  specific  gravity  of  1.272  (at  15.5°r.). 
\Mien  pure  it  is  practically  (hIofIcss,  l)ut  as  met  with  in  practice, 
it  has  a  very  repulsive  cnlor.  It  lH)ils  at  4<i°(\,  has  a  very  low  ignition 
|)oint,  ir)(r(\,  and  is  pn)l)al)ly  the  most  hazardous  meml)er  of  this 
class  of  liquids.  It  burnsiwith  the  prcnluction  of  carbon  dioxide  and 
sulphur  dioxide,  the  latter  a  very  irritating  gas.  The  relative  density 
of  its  vaiK)rs  contributes  to  a  marked  extent  to  its  hazard,  owing 
to  the  fact  that  they  may  flow  to  distant  fin\s  or  hot  Ixxlies  and 
iirnite.  Carbon  (lisulphide  should  not  Ih»  exposed  to  the  air  within 
.")()  feet  of  flames  c)r  hot  l)(Mlie>.  In  any  case  where  it  is  used,  the 
greatest  possible  caution  should  be  exercised. 
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Ether.  Ether,  also  called  ethylic  ether,  sulphuric  ether,  aether, 
methylated  ether,  (C2H6)20,  is  a  colorless  and  very  volatile  liquid. 

Varnishes  and  Lacquers.  These  are  liquid  mixtures  of  various 
compositions,  and  often  consist  of  resins  dissolved  in  alcohol,  benzene, 
acetone,  or  petroleum  ether.  Solutions  of  resins  in  linseed  oil  or 
turpentine  are  also  met  with  in  practice.  When  highly  inflammable 
solvents  are  used,  the  products  a^  very  hazardous.  In  general, 
solutions  of  resins  in  turpentine  are  somewhat  more  hazardous 
than  kerosene.  Linseed  oil  varnishes  are  as  a  rule  capable  of  causing 
spontaneous  heating  when  mixed  with  fabrics,  cotton  waste,  etc. 

Spontaneous  Ignition  of  Liquids  by  Electricity.  In  the  use  of 
highly  inflammable  liquids,  particularly  benzene,  it  is  important 
to  note  that  ignition  may  be  caused  by  electrical  discharges  produced 
by  friction  of  the  liquids  and  fabrics.  Recent  investigations  show  that 
benzene  and  wool  when  brought  together  so  as  to  produce  friction 
(rubbing)  are  especially  liable  to  take  fire,  owing  to  the  generation  of 
electricity  which  under  certain  conditions  may  pass  to  a  metallic  ob- 
ject or  the  hand  with  the  production  of  a  spark.  This  phenomenon  is 
more  liable  to  occur  when  the  temperature  is  low  and  the  air  dry. 

CERTAIN  EXPLOSIVES 

Qunpowder.  The  explosive  known  as  gunpowder  is  a  me- 
chanical mixture  of  charcoal,  sulphur,  and  saltpeter,  the  proportion 
varying  according  to  the  purpose  for  which  the  powder  is  intended. 
Rifle  powder  usually  is  made  up  in  the  following  i)roportions:  Salt- 
peter, KXOj,  75  per  cent;  sulphur  10  per  cent;  cluircoal  15  per  cent. 

The  composition  of  many  blasting  powders  is  about  the  same. 
Sodium  nitrate  is  sometimes  used  instead  of  potassium  nitrate 
because  it  is  cheaper  than  potassium  nitrate  and  contains  more 
ox>'gen;  however,  it  has  the  disadvantage  of  being  hygroscopic, 
!.€.,  it  absorbs  moisture  from  the  air*.  Ammonium  nitrate  is  also 
used  in  certain  powders  but  it  is  also  hygroscopic.  Potassium 
chlorate  is  sometimes  used  in  certain  powders,  the  chlorate  giving 
up  its  ox>'gen  more  easily  and  quickly  than  the  nitrates  of  i)otassium 
or  sodium.  Such  powders  are  sometimes  used  for  blasting  purposes, 
but  are  not  suitable  for  fire  arms.  They  arc  very  sensitive  to  shock 
and  extremely  hazardous. 


♦On  account  of  the  presence  of  certain  hygroscopic  impuriticH. 
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It  will  be  seen  that  gunpowder  carries  its  own  supporter  of 
combustion  in  the  form  of  a  nitrate;  the  presence  of  air  is  not,  there* 
fore,  necessary  for  the  combustion  of  the  powder.  The  oxygen  of 
the  nitrate  goes  over  to  the  carbon,  forming  carbon  dioxide  and  also 
carbon  monoxide,  which  are,  as  we  have  learned,  gases,  and,  of  course, 
tend  to  occupy  a  much  larger  volume  than  was  occupied  by  the 
powder.  The  reaction  is  accompanied  by  the  production  of  heat 
which  obviously  increases  the  expansive  effect.  Other  products  of 
combustion  occur,  depending  on  the  nature  of  the  powder  and  the 
conditions. 

Small  quantities  of  powder  \^dll  burn  in  the  open  without  ex- 
ploding, that  b  to  say,  when  a  small  quantity  bums  in  the  open  the 
combustion  is  not  so  rapid  and  the  expansion  is  not,  therefore,  so 
sudden  as  when  a  large  quantity  bums.  When  larger  quantities 
bum  the  pressure  becomes  greater  at  the  beginning  of  the  combus- 
tion and  causes  more  rapid  combustion. 

The  ignition  point  of  most  gunpowders  ranges  from  about 
265**C.  to  320°C. ;  the  nature  of  the  powder  and  the  form  it  is  in  in- 
fluence the  ignition  point.  Sparks  from  steel  and  other  sources  vary 
in  intensity  and  may  or  may  not  ignite  the  powder  according  to  the 
size  and  temperature  of  the  spark  and  the  conditions.  Under  cer- 
tain conditions  gunpowder  may  be  ignited  by  friction  or  a  sudden 
blow.  The  explosion  by  blow  is  more  liable  to  be  caused  by  the 
impact  of  bodies  of  the  same  composition.  For  example,  such  an 
explosion  may  more  easily  be  produced  by  striking  iron  against 
iron  or  copper  against  copper  than  by  striking  iron  against  copper. 
It  is  advisable,  therefore,  in  many  cases,  to  provide  powder  magazines 
with  doors  which  turn  on  hinges  of  different  composition,  say  bronze 
and  copper. 

Although  the  hazard  of  gunpowder  resides  more  in  its  explosive 
combustibility  than  in  its  tendency  to  explode  by  shock  or  detona- 
tion, yet  in  a  confined  space  it  may  give  rise  to  tery  violent  explosions. 

Fire  Works.  Coloreil  fire  compositions  usually  consist  essentially 
of  an  oxygen  carrier,  such  as  potassium  chlorate  or  sodium  nitrate, 
together  with  easily  combustible  substances,  often  sulphur,  and 
certain  compounds  to  give  color  to  the  fires.  Antimony  sulphide 
is  often  substituted  for  or  used  with  the  sulphur,  and  occasionally 
finely-divided  wood  is  added. 
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Red  fire  compositions,  for  example,  often  consist  of  potassium 
chlorate,  sulphur,  antimony  sulphide,  and  strontium  nitrate,  the 
latter  giving  the  red  color  to  the  fire.  Copper  oxide  is  used  to  pro- 
duce blue  fires,  while  the  chlorate  or  nitrate  of  barium  is  used  for 
green  fires. 

Fire  works  intended  to  produce  a  projectile  force  usually  con- 
tain gunpowder,  sometimes  in  admixture  with  potassium  chlorate. 
If  an  explosion  accompanied  by  a  loud  noise  is  desired,  granulated 
powder  is  often  used.  Fuses  for  fire  works  are  generally  made  of 
cotton  impr^nated  with  gunpowder,  while  caps  and  detonators 
usually  contain  fulminates.  It  is  important  to  note  that  the  prin- 
cipal ingredient  in  most  fire  works  is  potassium  chlorate,  and  it  is, 
therefore,  not  surprising  that  most  of  the  fire  work  mixtures  found 
ui  use  may  be  ignited  by  friction  or  percussion.  Practically  all  of 
them  may  be  ignited  or  exploded  by  heat.  In  the  case  of  fires  and 
explosions  in  buildings  many  of  the  fire  works  give  oflF  very  irritating 
fumes,  which  render  the  work  of  extinction  difficult. 

Many  of  the  compositions  contain  certain  ingredients  or  im- 
purities, which  render  the  mixtures  chemically  unstable  and  liable 
to  spontaneous  ignition  or  explosion. 

Quncotton.  Guncotton  C12H14O4  (N08)6  is  cellulose  hexa- 
nitrate,  for  cotton  is  a  fairly  pure  form  of  cellulose,  C12H20O10;  we 
may,  therefore,  regard  guncotton  as  a  nitrate  of  cotton.  It  is 
manufactured  by  treating  cotton,  freed  from  impurities,  with  a 
mixture  of  nitric  and  sulphuric  acids*.  After  nitration  the  cotton 
is  washed  with  water  until  free  from  acids,  for  the  presence  of  the 
least  trace  of  acid  may  cause  it  to  explode  spontaneously. 

C„H2oOlO+6HN08  =  Ci2Hi404  (N03)6  +6H2O. 

Guncotton  finds  extensive  use  as  an  explosive  either  alone  or 
mixed  with  other  substances.  A  mixture  of  guncotton,  nitro- 
glycerin, vaseline,  and  acetone  constitutes  cordite,  which  is  used  as 
a  smokeless  powder.  When  mixed  with  nitro-glycerin  and  camphor 
the  mixture  is  known  as  blasting  gelatine^  which  is  somewhat  less 
dangerous  than  dynamite  according  to  the  camphor  content. 

When  a  small  flame  is  applied  to  cool  guncotton,  it  ignites  and 


*Tlie  vuli^hurio  acid  is  added  to  absorb  the  water  produced  by  the  reaction.     Henoe, 
it  pivTents  dilution  of  the  nitric  acid. 

%  r.  >'  t  ♦ » » » .  - 

i   -  -*        J  ' 


09 


90  CHEMISTRY  OF  COMBUSTION 

bums  rapidly,  usually  without  exploding.  If  it  is  heated  gradually 
and  a  flame  is  then  applied  it  may  explode.  Statements  of  observers 
differ  widely  as  regards  the  temperature  at  which  guncotton  ignites; 
16()°C.  is  perhaps  the  approximate  ignition  point.  Combustion  of 
loose  guncotton  may  occur  without  an  explosion  taking  place. 
However,  if  all  the  particles  of  an  explosive  such  as  guncotton  be 
raised  to  a  temperature  near  their  ignition  point,  the  first  particles 
which  ignite  may  detonate  the  other  particles.  These  conditions  are 
liable  to  be  fulfilled  in  a  conflagration.  Guncotton  may  be  ex- 
ploded by  percussion.  Even  when  wet  or  unconfined  it  may  be  caused 
to  explode  violently  by  detonating  a  fuse  or  fulminate  of  mercury 
in  contact  with  it. 

Celluloid  (Pyroxylin;.  When  cotton  (cellulose)  is  treated  vnth 
nitric  and  sulphuric  acids  for  a  short  time  only,  the  cellulose  is  con- 
verted into  lower  nitrates  of  cellulose,  such  as  tetra-nitrate  CuHn 
(N03)4  Oe,  and  penta-nitrate  Ci2Hi5  (X0s)5  Os.  These  lower  nitrates 
in  solution  in  alcohol  are  called  collodion,  and  when  in  admixture 
with  camphor  so  as  to  form  a  solid  material,  the  product  is  known 
as  celluloid.  Celluloid  also  often  contains  the  hexa-nitrate  (gun- 
cotton),  and  many  inert  materials,  coloring  matters,  etc.  Hence, 
some  celluloid  is  eSvsentially  a  mixture  of  guncotton  and  camphor* 
while  some  is  essentially  a  mixture  of  guncotton,  camphor  and  the 
lower  nitrates  of  cellulose. 

Celluloid  is  a  very  inflammable  material  which  ignites  at  a  low 
temperature.  150°C.  may  be  regarded  as  the  approximate  ignition 
point  of  most  of  the  celluloid  met  with  in  practice.  This  temperature 
is  not  far  above  the  boiling  j)oint  of  water.  It  is  clear,  then,  that 
celluloid  articles  may  be  igniteil  by  the  radiant  heat  from  a  hot 
stove,  steam  boiler,  or  incandescent  lamp.  Celluloid  is  a  com- 
pound containing  carbon  and  oxygen  ready,  so  to  speak,  to  unite 
with  each  other;  in  other  words,  celluloid  carries  with  it  ox>'gen  to 
help  support  its  combustion.  Hence,  when  it  is  ignited  it  burns 
very  rapidly,  evolving  a  great  deal  of  heat,  and  if  confined  when 
burning  it  ma\'  cause  an  explosion. 

Divergent  views  exist  as  to  whether  or  not  celluloid  is  explosive. 
The  presence  of  the  camphor  tends  to  prevent  celluloid  from  under- 
going sudden  deconiiK)sition.  Methods  of  manufacture  differ  and 
the  proportion  of  camphor  in  ct^lluloid  articles  varies.     The  com- 
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bustion  of  celluloid  in  the  air  produces  principally  carbon  dioxide, 
nitrogen  and  water. 

When  the  ignition  of  celluloid  is  effected  in  a  confined  space, 
so  that  decomposition  occurs  under  pressure,  certain  of  the  products 
formed  are  different  from  those  wliich  result  from  the  combustion 
under  ordinary  atmospheric  pressure,  and  are  capable  of  forming 
with  the  air  explosive  mixtures.  In  some  cases  the  dangerous  pro- 
ducts formed  under  pressure  are  hydrogen  and  carbon  monoxide. 
Celluloid  is,  therefore,  capable  of  producing  violent  explosions  in 
confined  spaces. 

Nitro-Qlycerin  and  Dynamite.  Nitro-glycerinjCaHs  (N02)3  03, 
is  an  oily  fluid.  When  pure  it  is  colorless,  but  the  commercial  pro- 
duct is  usually  yellow  or  brown.  It  is  prepared  by  treating  purified 
^ycerin,  CjHgOa,  with  a  mixture  of  strong  sulphuric  and  nitric 
adds.  The  sulphuric  acid  is  added  merely  to  take  up  water  formed 
by  the  reaction: 

CHaOa  +  3HN0,  =  C3H5  (N02)3  O3  +  SHjO. 

'  It  is  employed  extensively  as  an  explosive  alone  or  in  the  form 
of  dynamite,  which  is  a  mixture  of  nitro-gljcerin  and  kieselgiihr 
or  other  porous  inert  material.  It  is  also  used  in  admixture  with  gun- 
ootton  for  blasting  and  in  the  manufacture  of  smokeless  gunpowder. 
It  explodes  with  great  violence  when  suddenly  heated  or  when  sub- 
jected to  percussion.  When  ignited  with  a  flame  it  commonly  burns 
without  exploding.  It  is  not  very  easily  ignited  as  it  is  not  readily 
inflanmiable.  When  frozen,  nitro-glycerin  is  more  hazardous  than 
when  in  the  liquid  state. 

The  presence  in  it  of  the  least  traces  of  acid  renders  it  liable  to 
spontaneous  decomposition  and  explosion.  Nitro-glycerin  in  the 
form  of  dynamite  is  somewhat  less  hazardous  and  safer  to  handle 
and  transport.  Dynamite  should  not  be  exposed  to  low  temj^era- 
tures.  When  frozen  the  dynamite  is  far  more  dangerous  than  when 
in  the  ordinary  condition.  Countless  explosions  are  caused  by  im- 
properly thawing  dynamite. 

It  will  be  evident  from  the  above,  that  of  the  explosives  men- 
tioned, fulminate  of  mercury  is  the  most  hazardous.  Guncotton, 
dynamite,  nitro-glycerin,  cordite,  and  blasting  gelatine  are  wlien 
pure  dangerous  only  under  certain  defined  conditions.    While  there 
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seems  to  be  no  occasion  for  people  who  are  not  properly  fitted  to  do 
so,  handling  such  materials,  it  is  a  fact  that  persons  who  know  next 
to  nothing  of  the  composition  and  behavior  of  explosives  are  often 
entrusted  with  their  use  and  storage.  It  would  also  seem,  in  view 
of  the  fact  that  explosives  containing  certain  impurities  are  very 
liable  to  spontaneous  ignition  or  explosion,  that  no  impure  products 
of  this  nature  would  be  placed  on  the  market.  However,  as  is  well 
known,  such  impure  products  do  find  their  way  to  the  market 
and  often  cause  serious  explosions. 

Acetylene.  Acetylene  is  one  of  the  most  inflanmiable  and 
explosive  gases  known.  It  has  a  very  strong  affinity  for  oxygen, 
the  heat  of  combustion  is  high,  and  the  explosive  range  is  very 
wide.  Acetylene  is  an  endothermic  compound,  and  is  capable  of 
decomposing  into  its  elements,  hydrogen  and  carbon;  tlie  decompo- 
sition  is  accompanied  by  the  evolution  of  a  great  amount  of  beat. 
The  heat  evolved  when  decomposition  occurs  causes  the  gas  to  ex- 
pand very  suddenly  with  the  result  in  many  cases  of  a  very  violent 
explosion.  It  will  be  noted  that  the  presence  of  air  is  not  necessary 
for  the  explosion  of  acetylene  by  decomposition.  When  acetylene 
is  under  pressure,  exceeding  that  of  the  atmosphere,  the  explosive 
risk  is  increastnl.  Tnder  such  conditions  the  explosion  may  be  pro- 
duced by  detonation.  Acetylene,  can,  .however,  be  successfully 
stored  in  solution  in  acetone. 
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INTRODUCTION 

The  insurance  interests  are  concerned  with  electric  work  only 
for  the  reason  that  such  work  if  done  improperly  constitutes  a  fire 
hazard,  and  underwriters*  rules  on  electrical  installations  are,  there- 
fore, confined  to  such  questions  as  concern  proper  methods  and 
materials  to  be  employed  to  minimize  the  chance  of  fire  arising  from 
the  use  of  electricity  for  light,  heat,  and  power.  Electricity  as 
employed  for  signaling  work,  such  as  telegraphs,  telephones,  call 
belk,  burglar  alarms,  and  similar  purposes,  is  not  covered  by  in- 
surance rules  except  in  so  far  as  such  installations  may  become  dan- 
gerous because  of  the  liability  of  wires  in  such  systems  becoming 
crossed  with  electric  light,  heat,  or  power  circuits. 

The  many  applications  of  electricity  for  municipal  fire-alarm 
systems,  factory*  or  isolated  plant  fire  alarms,  watchman *s  time- 
recording  appliances,  and  automatic  alarms  employing  elec*tric 
thennostats,  are  not  covered  by  the  general  rules  for  electric  work. 
They  do  not  in  general  tend  to  cause  a  fire  hazard  of  themselves 
but  come  rather  under  the  head  of  protective  devices  and  the  dis- 
cussion of  them  does  not,  therefore,  come  within  the  sco])e  of  this 
paper. 

The  earlier  installations  of  electrical  lighting  and  power  ap- 
pliances were  very  crude  and  wew  often  made  with  no  considera- 
tion of  what  are  now  generally  admitted  to  Ix^  questions  of  great 
importance  from  the  view]K)int  of  fin^  ]>rote('ti(>n.  It  was  natural 
that  experience  should  ha\e  Invn  necessary  to  demonstrate  the 
need  of  protection  against  unreliable  or  haziirdous  methods  of  a])])ly- 
ing  electricity  and  to  develoj)  improviul  materials  and  devices. 
The  comparatively  mysterious  nature  of  electricity  as  viewinl  by 
the  general  public  led  at  first  to  a  habit,  not  yet  wliolly  outgrown, 

CopynV^i  i913,  by  Anurxcan  Schovl  of  Cvrrctpondtnce. 
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of  attributing  to  eloitrical  causes  all  fires  for  which  no  other  cause 
was  readily  apparent.  Tcnlay,  however,  the  production  of  light 
and  the  traiLsniissioii  of  |M)wer  are  without  question  accomplished 
more  safely  as  well  as  more  conveniently  and  economically  by 
electricity  tlian  by  any  other  means. 

In  judging  elei'trical  work  as  affecting  the  fire  hazard,  the  fire- 
protection  engineer  and  underwriters  cannot  undertake  to  do  for 
the  assured,  the  work  which  lies  within  the  province  of  the  electrical 
engineer  on  whom  j)ro]MTly  falls  the  n^]K)nsibiIity  of  designing 
installations  and  ch(K>sing  the  methods  and  materials  to  be  used 
to  accomplish  tlie  results  dcsirtHl.  In  electrical,  as  in  other  engineer- 
ing, consideration  of  first  (*ost,  cc*onomy  of  operation  and  nuun- 
tenancc,  efiicicncy  of  machinery  and  aj)pliances,  depreciation,  and 
n*liability  are  of  prime  imiH)rtance.  It  is  the  proper  function  of  the 
firtvprotection  engineer  to  act  as  critic  of  the  plans  and  their  execu- 
tion in  order  that  other  considerations  involved  shall  not  be  allowed 
to  dictate  metluKls  whicli  4I0  not  afTonl  suitable  and  reasonably 
safe  fire  conditions.  Electrical  engineering  is  far  too  complicated 
a  profession  to  ^K^  fully  masten»d  by  the  fire-protection  engines 
or  by  an  insjHH'tor,  but  tlu»  general  principles  of  safe  electrical  work 
can  l)e  mastered  and  a])]>lied  without  ])resuming  to  encroach  on  the 
work  of  either  the  eoiisulting  or  the  installing  engineers. 

Architects  an*  now  very  giMierally  prei)ared  to  recognize  the 
necessity  of  providing  in  their  plans  for  the  electrical  installations 
wliich  in  more  elaborate  buildings  must  Ix*  given  very  careful  atten- 
tion if  acUHpiatt'  ])rovision  is  to  Ik*  made  for  electric  wires  and  ap- 
pliances. It  is  in  the  smaller  and  less  can^fully  planned  structures 
that  the  cltHtric  work  is  most  likely  to  l)e  left  to  the  installers  to  be 
put  in  as  Inst  it  may.  A  well  eonsiderwl  j)lan  adapted  to  the  tjT)e 
of  building  and  the  uses  to  be  made  of  current  is  an  essential  to 
successful  and  safe  work.  Makeshifts  an»  usually  dangerous.  For 
this  rc»as(»n,  als(»,  it  is  4)ft4'n  nuich  niort*  difficult  to  secure  proper 
electrical  work  in  wiring  4»1(1  buihlings  than  new  ones. 

Electrical  contractors  arc  usually  willing  to  do  good  work  f« 
a  fair  j)rice  and  mo>t  ptuir  work  is  due  to  an  attempt  to  secure  busi- 
ness at  t(K>  low  rate>  in  order  to  nuH*t  comj)etition.  Since  a  faulty 
or  dangerous  electrical  installation  may  jHTform  its  appointed  woric, 
and  since  electrical  4lcftHt>  an*  not  t-asily  <liscovered,  often  develop- 
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ing  after  some  time,  only  thoroughly  good  work  from  the  start 
affords  real  protection  against  disastrous  failure  from  causes  which, 
after  a  fire,  may  be  very  difficult  to  assign  but  which  might  have 
been  easily  foreseen  and  removed. 

Electrical  inspectors  either  of  the  underwriters  or  of  the  munic- 
ipality should  be  fully  acquainted  with  approved  methods,  rules, 
reasons  for  rules,  and  must  have  a  great  range  of  practical  knowl- 
edge which  only  actual  field  experience  can  give;  and  such  inspectors 
must  be  specialists  of  a  high  order.  The  fire-protection  engineer 
must  refer  to  such  specialists  the  technical  details  while  undertaking 
himself  to  be  a  competent  judge  of  general  methods  and  principles. 

Electricity  as  a  Cause  of  Fires.  Electricity  may  in  general  be 
the  cause  of  a  fire  in  either  one  or  both  of  the  following  ways : 

Fir^'  By  causing  wires,  cables  or  other  conductors  to  be 
overheated  by  the  passage  of  the  "electric  current,"  thereby  setting 
fire  to  the  insulations  on  such  conductors  or  to  nearby  combustible 
materials.  All  conductors  are  heated  by  any  current  however  small, 
but  if  the  conductor  is  badly  overloaded  it  may  become  red-  or 
even  white-hot.  Hence  it  becomes  necessary  to  prescribe  the  safe 
carr>4ng-capacity  of  wires,  and  all  conducting  parts  of  electric 
appliance  must  be  properly  proportioned.  Such  parts  as  are  pecu- 
liarly liable  to  become  heated  or  which  must  be  heated  to  perform 
their  proper  function  must  be  suitably  protected  and  separated 
under  all  circumstances  from  materials  which  might  be  ignited. 

Fuses,  circuit  breakers,  and  other  automatic  appliances  have 
to  be  installed  to  afford  protection  in  case  of  accidents  which  may 
result  in  conductors  or  other  devices  being  overheated  by  abnormally 
large  currents.  Such  protective  devices  may  themselves  become 
dangerous  and  the  rules,  therefore,  prescribe  carefully  how  they 
must  be  constructed  and  installed.  Overheating  of  conductors  b 
thus  one  of  the  two  general  ways  in  which  electricity  may  cause  a 
fire  and  provisions  against  such  accidents,  therefore,  form  an  im- 
pcntant  part  of  the  rules. 

Second:  Electricity  may  form  "arcs."  An  arc  is  the  visible 
evidence  that  the  current  is  passing  from  one  conductor  to  another 
or  across  a  break  or  gap  through  the  air  or  over  the  surface  of  an 
insulating  material.  An  arc  always  causes  heat  and  if -any  appreciable 
current  passes,  the  arc  will  be  very  hot  and  if  continued  is  capable 
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of  melting  the  a^ljaceiit  metal  at  the  gap  or  setting  fire  to  any  com- 
bustible matter  near  by.  It,  therefore,  becomes  necessary  to  i»e- 
scribe  rules,  the  observance  of  which  tends  to  lessen  the  chance  of 
accidental  arcs  I)eing  established,  and  to  so  locate  all  appliances,  the 
operation  of  which  produces  arc^s,  that  no  harm  will  result.  Switches, 
circuit  breakers,  and  fuses  are  all  **arcing''  devices.  The  problem 
of  insulation,  spacing  between  conductors  and  excellence  in  materials, 
methods  of  installation  and  workmanship,  all  have  to  do  chiefly 
with  the  prevention  of  accidental  or  dangerous  arcs. 

From  the  viewpoint  of  fire  hazard,  it  is  well  to  treat  all  con- 
ductors, however  well  insulatetl,  as  bare,  and  to  proceed  to  furnish 
adequate  protection  against  grounds  or  short-circuits  on  that  basis. 

In  judging  of  installations  it  must  constantly  be  kept  in  mind 
that  conditions  are  liable  to  l)ecome  worse  rather  than  better  after 
the  wiring  and  a])pliances  have  been  in  use  for  some  time.  Require- 
ments are,  therefore,  made  to  anticipate  in  part  such  deterioration 
as  is  inevitable  in  even  the  l)est  equipments,  and  which  may  be  sur- 
prisingly rapid  when  inferior  materials  are  put  in  by  careless  work- 
men and  useil  and  abused  by  those  having  little  or  no  understanding 
of  electrical  affairs  and  no  appreciation  of  the  hazards  involved. 

The  following  are  the  chief  general  requisites  for  a  safe  electrical 
installation:  Exci*llence  of  material;  simplicity  in  design  so  far  as 
compatible  with  the  results  to  l)e  secured;  ease  of  inspection  and 
repairs  of  all  wiring  and  appliances;  thoroughly  good  mechanical 
execution  of  the  work;  tlie  c^hoice  wherever  possible  of  the  more 
protected  and  safer  forms  of  wiring;  and  the  use  of  "approved 
fittings.'*  Xo  rules  can  take  tlie  place  of  good  designing  nor  will 
perfunctory  olxMlience  of  rules  make  a  poorly  executed  job,  safe. 
The  arcliitect,  the  owner,  the  manufacturer  of  devices  and  materials, 
the  electrical  contractor,  the  electricians  who  install  and  those  who 
operate  the  plant — c»ach  and  all  must  share  the  responsibility  with 
the  insurance  and  the  municipal  inspector. 

Elementary  Electrical  Ideas  and  Terms.  Electric  power  may 
be  transmitted  by  either  dirt^t  or  alternating  current. 

Direct  Current.  I)irtH:t  current  is  current  of  such  character 
that  what  is  usually  chIUmI  the  ^'direction"  of  the  current  is  alwa^'s 
the  same,  or,  more  exactly,  the  magnetic  effects  of  the  current  are 
not  being  reversed  from  instant  to  instant.    If  a  small  compass  be 
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held  near  a  wire  carrj'ing  direct  current,  the  needle  may  be  caused 
to  turn  away  from  its  natural  north  and  south  line.  Thus  in  Fig. 
1,  if  />  is  a  direct-current  dynamo  connected  to  a  wire  from  south  to 
north,  a  compass  needle  over  the  wire,  before  the  switch  T  is  closed, 
^dll  point  along  the  wire;  when  the  switch  is  closed,  if  current  flows 
as  shown  by  the  small  arrows  on  the  wire,  the  needle  will  turn  as 
shown.  The  amount  it  will  turn  is  an  indication  of  the  amount  of 
current,  but  the  needle  \^ill  remain  stationary  in  its  new  position 
if  the  current  is  direct  current.  A  battery  gives  direct  current  and 
so  does  a  direct-current  dynamo. 

Alternating  Current.  If,  however,  the  current  came  from  an 
alternating-current  dynamo  or  from  a  transformer  supplied  by  such 
a  djTiamo,  the  needle  would  tend  to  swing  very  rapidly  first  to  one 
side  of  the  wire,  and  then  to  the  other.  This  would  also  be  the  case 
if  the  connections  on  the 
direct-current  machine.  Pig. 
1,  were  rapidly  exchanged 
back  and  forth.  Such  re- 
versals of  current  direction 
are  made  automatically  by 
an  alternating-current  dy- 
namo. The  number  of 
changes  per  second  is  called 
the  frequency  and  25,  60, 
and  135  are  the  conunonest 
commercial  frequencies  of 
alternators.  Evidently  no 
compass  needle  could  actually  vibrate  so  fast,  but  it  tends  to  do  so, 
and  the  result  is  that  the  needle  does  not  appear  to  be  affected  by 
the  alternating  current. 

Both  direct-  and  alternating-current  systems  are  in  common  use 
for  light  and  power.  Street  railways  use  at  present  chiefly  direct- 
current  systems.  Where  power  must  be  conveyed  to  considerable 
distances,  alternating  current  is  used  because  it  is  more  economical 
under  these  conditions.  Different  motors  and  somewhat  different  arc 
lamps  are  required  for  direct  and  for  alternating  circuits.  Incandes- 
cent lamps  are  the  same  for  either  system  as  are  also  most  heating  de- 
vices.  Transformers  can  be  used  only  on  alternating-current  systems. 


(b) 
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Fig.  1.     Diagram  of  Simple  Dynamo  Circuit 
Showing  EfTect  on  Magnetic  Needles 
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The  distinction  Ix'tween  direct  and  alternating  current  is  not 
one  which  has  many  important  consequences  in  the  safeguarding  of 
electrical  work.  There  are,  however,  a  few  important  cases  where 
different  rules  are  establish^^d.  It  should  be  remembered  that  direct 
and  alternating  currents  of  the  same  strength  produce  the  same 
heating  effect  in  a  given  conductor.  In  some  cases,  however,  with 
alternating  currents  an  additional  heat  effect  is  produced  in  certain 
appliances  by  the  magnetic  action  of  iron  cores,  of  coils,  or  other  parts 
of  the  apparatus.  In  general,  alternating  current  produces  less 
severe  and  persistent  arc*s  than  direct  current  of  the  same  strength 
and  voltage.  Furthermore,  alternating-current  motors  in  particular 
are  somewhat  less  liable  to  emit  sparks  and,  therefore,  have  a  certain 
advantage.  As  a  whole,  however,  no  distinction  may  be  made  as 
regards  fire  hazard  l>etween  direct-  and  alternating-current  installa- 
tions which  should  be  made  with  the  same  care  in  workmanship 
and  with  the  same  precautions  as  to  insulations,  fuses,  and  all  pro- 
tective devices. 

Current,  Current  is  measured  in  amiieres.  It  may  be  com- 
pared to  the  nunilx*r  of  '^gallons  per  minute"  carried  by  a  water  pipe 
through  which  a  stream  is  flowing.  More  **current"  will,  other 
conditions  being  equal,  do  more  work,  and  will  always  cause  more 
heat  in  the  conducting  wires  and  cables  and  in  the  appliances,  lamps, 
heaters,  resistances,  motors  and  the  like  which  use  the  current, 
J'urthermore,  the  heating  effei't  in  conductors  such  as  metals  varies 
with  **the  square  of  the  current,"  /.  r.,  if  one  unit  of  current  pro- 
duces a  certain  amount  i)f  heat  in  a  wire,  ixcice  as  much  current  will 
cause /owr  times  as  n\\K\\  heat  in  the  same  wire,  three  times  the  current 
will  cause  nine  times  tli(*  heat  and  so  on.  An  instrument  for  measur- 
ing current  is  calk^l  an  ammeter. 

Note.  The  heat  lihtTiitod  is  a  measure  of  energy  or  power  consumed 
in  the  wire.  The  Umjuraturc  of  the  wire  will  not  necessarily  follow  the  rule 
given  above,  this  being  dependent  not  only  upon  the  heat  developed  but 
also  upon  the  surrounciings  of  the  wire  as  affecting  the  readiness  with  which 
the  heat  may  be  radiated  or  otherwise  gotten  rid  of. 

Voltage.  \'oltaj;c  or  i)<)tciitial  is  mcjisured  in  volts.  Volts 
measure  the  proj)ulsive  fora*  wliicli  causes  "current''  to  flow  through 
a  conductor.  It  may  be  thouj^bt  of  as  an  electric  pressure  produced 
by  tlie  dynamo,  battery,  or  other  generator  of  electricity.    Through 
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a  given  circuit  a  higher  voltage  will  in  general  cause  a  proportionally 
greater  current.  Since  it  is  the  voltage  which  may  cause  electricity 
to  pass  from  its  proper  path  and  seek  other  and  perhaps  dangerous 
paths,  higher  voltages  require  better  insulation  on  wires  and  in  all 
electrical  appliances.  The  voltage  used  thus  becomes  an  important 
factor  in  determining  the  protection  necessary  for  safety. 

Difference  of  Potential.  Two  points,  as  on  conductors  or  be- 
tween a  conductor  and  the  earth,  are  said  to  be  at  different  potentials. 
When  such  an  electrical  condition  exists  on  them  a  current  tends  to 
pass  between  them  either  along  the  conductor  or  across  a  gap  be- 
tween the  points.  Along  the  conductor  such  a  current  produces 
heat,  while  if  the  current  ''jumps  the  gap'*  or  arcs^  heat  is  produced 
in  the  spark  or  arc  formed. 

Resistance.  Resistance  is  measured  in  ohvis.  All  substances 
offer  resistance  to  the  passage  of  current.  This  is  true  of  metals, 
liquids,  and  gases.  A  good  conductor,  such  as  copper,  has  com- 
paratively little  resistance.  Other  materials,  such  as  slate,  porce- 
lain, and  rubber,  are  very  poor  conductors  and  may  generally  be 
considered  as  insulators.  Since  heat  is  always  produced,  the  con- 
ductors must  be  of  suitable  size  and  material  to  keep  the  tempera- 
tures below  the  dangerous  values,  or,  in  cases  where  the  heat  is  the 
result  desired,  suitable  protection  must  be  provided.  The  resistance 
of  conductors  is  thus  a  necessary  but  undesirable  property  in  some 
w^ays  and  a  usable  and  valuable  prop)erty  in  others.  In  all  cases 
the  fact  that  current  produces  heat  in  conductors  must  be  reckoned 
with  in  electrical  problems. 

The  loss  of  power  from  the  heat  expended  in  a  supply  wire  is  an 
illustration  of  the  undesired  property  of  resistance.  The  electric 
flatiron  is  an  appliance  where  the  resistance  produces  a  useful  result. 

Ohm's  Law.  For  our  purpose  here  the  relation  between  cur- 
rent, voltage,  and  resistance  in  a  direct-current  circuit  may  be  stated 
as  follows:    The  current  (amperes)  in  a  circuit  equals  the  voltage 

(volts)  divided  by  the  resistance  (ohms),  or  /=      •   This  is  true  both 

of  entire  circuits  and  parts  of  circuits,  provided  E  and  R  are  the 
voltage  and  resistance  of  the  whole  circuit  or  the  part  under  con- 
sideration, respectively.  For  a.  c.  circuits  a  somewhat  more  elaborate 
formula  must  be  used. 
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Power.  Power  is  measured  in  u'atto.  (A  kilowatt  is  1,000  watts.) 
In  direct-current  circuits  the  power  expended  in  any  portion  of  the 
circuit  is  obtained  by  multiplying  the  current  in  amperes  by  the 
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Fig.  2.     Parallel  Lamp  CircuitM 


voltage  across  the  portion  of  the  circuit.  Thus:  If  the  current  in 
an  incandescent  lamp  is  i  ampere  and  if  a  voltmeter  shows  that  the 
voltage  across  the  lamp  terminals  is  110  volts,  the  power  is  55  watts. 
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Fig.  3.     ScrieH  Arc-Lamp  C*irf>uit.«i 


The  corresponding  mechanical  term  is  horse-power;  1  horse-power 
is  equivalent  to  740  watts  and  1  kilowatt  equals  about  \\  horse- 
power.   With  alternating  current  the  power  in  watts  is  not  always 
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Y\^.  4.     DiaKniin  of  Shunt  Circuit« 


to  bt?  obtained  by  multiplying  amperes  by  volts.    With  alternating 
currents,  a  third  factor  must  Ik'  used,  called  the  *'power  factor"  of 
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the  circuit.  It  is  sufficient  for  our  purpose  here  to  remember  that 
the  power  actually  delivered  and  used  with  alternating  current 
may  he  leas  than  the  simple  product  of  amperes  and  volts.    Thus, 


Fig.  5.     Single-Pole  Switch  and  Double-Pole  Pusefl 

if  a  current  of  50  amperes  as  read  by  an  ammeter,  passes  through 
a  coil  of  wire,  and  the  voltage  across  the  terminals  of  the  coil  is  100 
volts,  the  power  consumed,  if  the  current  is  direct,  is  50X  100=5,(KX) 
watts  or  5  kilowatts.  If,  however,  the  coil  surrounds  an  iron  core 
(as  in  an  electromagnet)  and  alternating  current  is  used,  the  power 
consumed  will  not  be  5  kilowatts.  The  power  factor  may  be  60 
pei^cent  for  this  coil,  and  the  power  consumed  will  then  be  50X  lOOX 
.60=3,000  watts  or  3  kilowatts,  instead  of  5  kilowatts.  The  follow- 
ing definitions  ^lU  be  useful  to  those  unfamiliar  with  electrical  terms. 
Multiple  Connection,  When  a  number  of  devices  such  as  lamps, 
motors,  etc.,  are  so  connected  that  the  current  has  a  path  through 


Fig.  6.     Short  Circuit  in  the  Floor  Above  Chandelier 

each  device  separately  from  one  supply  wire  to  another,  they  are 
said  to  be  connected  in  multiple.  See  Fig.  2.  Incandescent  lamps 
are  almost  always  connected  in  multiple.  In  Fig.  2  if  each  of  the 
7  lamps  shown  takes  1  ampere  of  current  the  total  current  at  A 
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and  at  B  will  be  7  amperes,  while  at  C  and  at  D  it  wiU  be  2  amfieres. 
Series  Connection.  When  a  number  of  devices  are  so  connected 
that  they  come  one  after  another,  they  are  said  to  be  connected 
"in  aeries."  In  FiR,  3,  the  arc  lamps  are  shown  so  connected.  In 
this  case  the  same  current  traverses  all  parts  of  the  circuit  and  ibe 
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total  cum-nt  is  no  more  and  no  loss  than  the  current  in  each  con- 
ncett^  sfpics  dfvict;. 

Shunt.  A  shunt  is  a,  by-path  between  two  points  so  connected 
that  part  of  the  <'uiTcnt  will  traverse  it.  The  division  of  the  total 
current  Ijetwecn  th<'  main  path  and  the  shunt  will  depend  on  the 
[■omparativc  resistances,  the  larger  current  going  by  the  path  of 
lower  resistance.  In  Fii;.  4  are  shown  the  connections  of  a  "shunt 
motor"  and  resistance  box  "shunted"  by  a  wire. 
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Cut-Oxd.  A  cut-out  ia  a  device  for  automatically  breaking  a 
orcuit,  usually  when  the  current  reaches  a  predetermined  value. 
Thus,  a  60-ampere  fuse  is  a  cut-out  designed  to  burn  out  when 
currents  in  excess  of  60  amperes  pass  through  it.  A  circuit  breaker 
is  an  electro-mechanical  switch  which  is  also  used  as  a  cut-out. 

Switches,  fuses  and  other  appliances  are  said  to  be  singh-pole  if 
they  are  for  but  one  wire  of  a  circuit;  doubU'pole  if  for  two,  triple-yole 
if  for  three.    Fig.  5  shows  a  single-pole  switch  and  a  double-pole  fuse. 
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Ground.  A  ground  is  a  connection  either  intentional  or  accidental 
between  a  part  of  an  electric  circuit  and  the  earth,  or  any  metal  or 
other  conducting  substances  which  are  in  electrical  connection  with 
the  earth,  such  as  water  and  ga»  pipes,  iron  beams,  etc. 

Short-Circuit.  A  short-circuit  is  a  connection  which  permits 
current  to  flow  from  one  part  of  a  circuit  to  another  by  any  path 
which  it  b  not  intended  it  should  take.  Since  such  a  connection  Is 
the  result  of  accident  or  the  failure  of  some  insulation,  and  since  it 
usually  allows  excessive  currents  to  flow,  a  short-circuit  may  be 
very  dangerous  and  liable  to  cause  a  fire,  especially  ns  the  accidental 
connection  may  afford  very  poor  contact  and  cause  arcing  and 
burning  at  the  junction  of  the  conductors.  Fig.  6  illustrates  a  short- 
circuit  in  a  floor  between  the  two  supply  wires  to  a  chandelier  in- 
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stalled  on  the  ceiling  below.    The  effect  of  this  short-circuit  is  ahown 
in  Fig.  7.    Fig.  S  is  from  a  photograph  of  an  arc  produced  by  a  250- 


.  TO  eefSPAToif 


volt  amjiere  cunrat  l>etwwii  two  wires  which  were  touched  together 
at  a  point  where  the  insulation  had  been  destroyed. 

Constanl-PoleiitinI  System.  A  con.stant-potential  system  is  one 
in  which  the  voltage  between  the  main  supply  wires  is  approximately 
the  same  at  all  point-^.    Such  a  system  is  supplied  by  a  constant- 


poteiitiul  generator,  which  is  of  u  charueter  to  furnish  greater  current 
as  more  devices,  lamps,  motors,  etc.,  are  put  into  use.    Most  in- 
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Fig.  11.     Diagram  of  a  Three-Wire  Circuit 


candescent-lamp,  motor-  and  street-railway  circuits  are  of  this  type 
and  also  many  arc-lamp  circuits.  Fig.  9  shows  such  a  110-volt 
system  and  if  the  distributing 
wires  are  properly  chosen  the 
voltmeters  at  the  points  AB 
and  C  will  all  read  approxi- 
mately 110  volts.  Devices  on 
such  currents  are  connected 
in  multiple. 

Constant-Current  System, 
A  constant-current  system  is 
one  in  which  the  current  is 
automatically  maintained  approximately  the  same  regardless  of  the 
number  and  character  of  the  power-consuming  devices  in  use  on  the 
circuit.  Devices,  usually  arc  lamps,  are  connected  in  series  and  the  gen- 
erator is  of  a  type  which  automatically  increases  the  voltage  or  electric 
pressure  as  more  lamps  are  turned  on.  Fig.  3  shows  such  a  circuit  and 
Fig.  10  is  a  picture  of  a  generator  used  for  series  arc-lamp  work. 

Two-Wire  System.  A  two-wire  system  is  one  having  a  single 
pair  of  distributing  wires. 

Three-Wire  System,  A  three-wire  system  is  a  special  form  of  a 
multiple  system  usually  employing  two  generators.  Fig.  11  shows 
such  a  system  with  two-wire  branches  to  incandescent  lamps. 

Transformers.  The  chief  advantage  of  alternating  over  direct 
current  lies  in  the  fact   that  electric  power  can  by  alternating 
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Fig.  12.     Diagram  of  Two  Types  of  Transformer 


current  be  transmitted  at  a  high  voltage  from  the  generating  station 
to  the  point  where  the  power  is  to  be  used,  and  there  transformed 
with  small  loss  to  a  voltage  better  suited  to  motors  and  lamps. 

It  is  far  more  economical  to  transmit  power  at  high  voltages. 
It  can  be  shown  by  electrical  theory  that  by  using  t^^-ice  as  high 
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voltage,  a  v-ire  only  one-fourth  as  large  is  needed  to  tnnsmit  it  given 
.  amount  of  power  n'ith  the  same  percentage  of  loss  on  the  trans- 
mission line.  It  should  be  remembered  that  if  the  voltage  is  doubled 
the  current  need  be  only  half 
as  great  in  order  to  have  the 
power  delivoed  the  same. 
But  half  as  much  current 
heats  the  wire  which  cairiea 
it  only  one^uarter  as  much 
and,  since  the  heat  dissipated 
on  the  wire  is  lost  power,  it 
b  evident  that  economy  re- 
quires that  transmission  of 
electric  power  be  accomplish- 
ed by  high  voltage  and  rela- 
tive!}' small  currents  rather 
than  the  reverse.  Thus  it 
may  be  commercially  possi- 
ble to  utilize  a  water  power 
at  a  distance  from  a  city  to 
make  high -voltage  current 
which  can  economically  be 
transmitted  to  the  city  over 
a  line  of  rather  small  copper 
wires.  It  would  ne\-er  do, 
however,  to  carry  this  high- 
A'oltage  current  into  buildings 
on  account  of  the  great  fire 
'"""""  '""'  '  risk  involved,  for  the  insula- 

tions in  wiriiic  ('aniiot  Ih>  made  safe  for  high  voltages.  With  direct 
current  there  is  n»i  very  of<in()mKral  way  to  change  a  small  current 
at  high  voltage  into  a  larger  current  at  a  lower  and  safer  voltage. 
With  alternating  current,  however,  this  can  be  done  very  readUy 
by  means  of  a  "tratisformer,"  a  device  which  consists  in  its  simplest 
form  of  two  entirely  separate  coils  of  wire  wound  on  the  same  iron 
core;  In  fact,  a  sort  of  doiible-ooil  magnet. 

Fir.  12  shows  two  shapes  which  a  transformer  may  take.    In 
each  diagram  suppose  an  alternating  current  at  2,200  volts  and  1 


it  locmitaetat- 
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e  is  supplied  to  one  coil  of  100  turns.    Then  a  current  of  220 

volts  and  10  amperes  will  be  induced  in  the  other  coll  which  has  but 

10  turns,  that  is,  the  voltage  will  be  "stepped  down"  in  the  same 

ratio  as  the  number  of  turns  on  the  primary  (power^upply)  coil  and 

teeondary  (power-using)  coil,  and  if  there  were  no  power  loss  in  the 

transformCT  itaelf,  the  current  would  be  multiplied  by  the  same  ratio 

inverted.    In  the  case  illustrated  tlwre  are  one-tenth  as  many  turns 

in  the  secondary  coil  as  in  the  primary  and,  therefore,  the  secondary 

,    ^    2200X1 
voltage  will  be  — r^^ — =220  volts,  and  the  secondary  current  will  be 

approximately  ten  amperes  for  every  ampere  supplied  to  the  primary. 
If  the  power  were  supplied  to 
the  coil  of  the  transformer 
having  few  turns,  and  used 
by  the  current  induced  in  the 
ctal  having  more  turns,  we 
should  have  a  "step-up"  in- 
stead of  "step-down"  trans- 
former. 

It  should  be  especially 
noted  that  the  action  of  a 
transformer  depends  wholly 
on  the  principle  that  the 
rapid  changes  and  reversals 
of  current  in  one  coil  will 
induce  currents  in  the  other 
coil.  Alternating  currents  are 
rapidly  and  systematically 
hanging  and  reversing  cur- 
rents, and  thus  transformers 
can  be  used  to  change  the  voltage  and  currents  in  a.  c.  circuits. 
Direct  currents  do  not  change  in  amount  and  direction  and,  there- 
fore, transformers  cannot  be  used  at  all  on  direct  current. 

Figs.  13  and  14  show  the  interior  and  e.tterior  \-iews  of  a  small 
transformer  of  a  tj-pe  used  for  incandescent  lighting.  The  case  is 
designed  to  be  filled  with  oil.  Transformers  are  constructed  of  all 
sizes  up  to  very  large  units,  and  are  cooled  either  by  air,  air  blast, 
oil,  or  by  forced  circulation  of  oil  through  the  windings  and  core. 
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AlteniatiiigH'urrent  dynamos  and  transformers  are  constructed 
and  connected  in  several  ways  which  diflFer  in  regard  to  the  number 
of  partially  independent  circuits  which  they  supply.  An  a.  c.  circuit 
in  which  there  are  but  two  wires  fn)m  the  generator  to  the  trans- 


^^^DUT  TO  5N6fS'e 


Fig.  15.     Diagram  of  Single>Phase  Light  and  Power  Circuit 

former  or  to  lamps  or  motors  is  called  a  single-phase  circuit.  Fig. 
15  shows  the  path  of  the  current  in  a  single-phase  circuit  which  in- 
cludes a  generator  G,  switchboard  with  ammeter  ^.and  voltmeter 
r,  transformers  TT  supplying  power  to  lamps  L  anfl  single-phase 
motor  M.  Single-phase  circuits  are  used  for  lighting,  both  incan- 
descent and  arc,  and  for  power. 

The  other  most  common  tyi)e  of  a.  c.  circuit  is  called  three-phase, 
and  is  also  used  both  for  light  and  power.  The  essential  pMirts  of 
such  a  system  are  shown  in  Fig.  16  where  it  will  be  noted  that  the 
dynamo  has  three  slip  rings,  the  circuit  has  three  wires  and  the 
transformer  has  three  coils  in  the  primary  Ti,  and  three  in  the  sec- 
ondary T-i.  In  a  thri*e-i>ha8e  circuit  each  pair  of  wires  carries  what 
may  he  (considered  a  separate  alternating  current  which  varies  in 
each  pair  in  regular  cycles,  so  that  the  maximum  current  in  each 


Fig.  10.     DiuKrutn  of  Thrt'e-Phuf***  Alternating-Current  Circuit 

phase  or  i)air  of  wires  is  reache<l  at  different  instants  of  time.  Such 
circuits  are  very  widely  used,  espi»cially  for  powder,  with  what  are 
known  as  three-i>hase  induction  motors. 
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Essential  Parts  of  Electric  Installations.  For  the  general  pur- 
poses of  this  book  the  essential  parts  of  electric  installations  are  as 
foUo^v-s: 

Generators.  Generators  include  all  dynamos  and  storage 
batteries.  These  present  the  hazards  inherent  in  all  machines  of 
any  sort  which  produce  or  transform  large  amounts  of  power. 

Cables.  Cables  and  wires  used  for  transmitting  electric  power 
are  of  concern  from  a  fire  viewpoint  because  of  the  possibility  of 
their  becoming  overheated  by  the  current,  and  because  failure  of 
the  means  provided  to  confine  the  electric  current  to  them,  namely, 
insulation,  may  give  rise  to  arcs,  i.  e.,  flames  from  powerful  electric 
sparks  or  discharges.  The  rules  for  safe  i^iring,  therefore,  are  de- 
to  limit  currents  on  wires 


a 


I 
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Fig.  17.     Forms  of  Fuses 


to  safe  values  and  to  insure  in- 
tegrity and  reliability  in  the  in- 
sulations employed. 

Closely  associated  with  the 
conducting  wires  and  cables  are 
those  devices  which  serve  to  reg- 
ulate the  amounts  of  current,  to 
open  and  close  electric  circuits, 
or  to  change  the  characteristics 
of  currents  at  or  near  the  appa- 
ratus utilizing  the  power.  Of 
this  sort  are  rheostatSy  switches, 
woUage^regukUors,  motor-generator  sets,  rectifiers,  and  the  very  common 
ataemaiing-curre  t  trarusformer.  All  these  must  have  suitable  insula- 
tion and  mechanical  protection,  and  there  must  be  due  protection 
from  the  heat  or  arcs  which  may  be  produced  in  them. 

Power-Consuming  Devices.  The  utilization  of  electric  power, 
as  of  all  power,  is  always  accompanied  by  the  production  and  dis- 
sipation of  heat.  Power-consuming  electric  appliances  such  as 
motors;  all  lamps,  both  arc  and  incandescent;  heaters;  and  every 
other  appliance  using  electric  current,  are,  therefore,  heat  producers 
to  a  greater  or  less  extent  and  must  be  so  treated  by  the  fire-preven- 
tion engineer. 

Protective  Devices.  Protective  devices  are  the  safetv  valves  of 
dectric  circuits.    A  fuse.  Fig.  17,  is  a  portion  of  an  electric  circuit 
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purposely  made  so  that  it  n-ill  melt  and  opeo  the  circuit  vrben  ibe 
current  rises  to  a  value  which  creates  dangerous  conditions  in  other 
parts  of  the  line.  The  proper  design  and  use  of  fuses  thus  involves 
the  two  questions  of  suitable  protection  to  the  wires  and  appliances, 
and  the  liability  of  the  fuse  itself  to  cause  a  fire  when  it  operates. 
Circuit  Breakers.  Circuit  breakers,  Fig.  18,  are  automatic 
switches  arranged  to  open  the  circuit  if  currents  reach  too  great 
values.  They  thus  accomplish  mechanically  the  same  results  as 
fuses.     As  a  general  principle  it  may  be  remembered  that  high- 


voltage  circuits  arc  more  hazardous  than  low-voltage  circuits,  be- 
cause tliey  arc  more  able  to  injure  insulations  and  to  produce  arcs 
across  (miwt  or  from  one  wire  to  unother.  Large  currents  are  not 
more  dangerous  than  small  currents  so  long  as  they  have  propor- 
fioniilly  largtT  wires  to  carry  them.  lu  case  of  failure,  however, 
iHrp?  currents  (many  aniijcrcs)  nill  cause  more  trouble.  The  per- 
sistency of  an  arc  and  the  difficulty  of  suppressing  when  once  started, 
are  do|x'ndent  upon  both  the  voltaKt:  and  the  current  (amperes),  but 
it  is  the  voltage  whicli  causes  arts  to  form,  as  across  air  gaps  or  by 
])un(.-turing  insulation  on  a  cable. 


THE  NEW  YORK 

PUBLIC  LIBRARY 


AaTOh,.L&SOX  ANt 


UNDERWRITERS'  REQUIREMENTS;  19 

The  production,  transmission,  and  use  of  energy  are  necessarily 
attended  with  certain  hazards  which  are  in  a  sense  proportionate 
to  the  amount  of  energy  employed.  The  peculiar  property  of  elec- 
trical energy  is  that  a  failure  or  accident  to  electrical  appliances 
often  permits  a  large  amount  of  energ>'  to  be  suddenly  expended  in  a 
ver>'  short  space  of  time,  as  at  an  arc  or  short-circuit,  and  great  heat 
is,  therefore,  developed. 

NATIONAL  ELECTRICAL  CODE 

As  the  result  of  the  united  efforts  of  insurance,  electrical,  archi- 
tectural, manufacturing,  and  allied  interests,  there  has  been  de- 
veloped a  comprehensive  body  of  rules  governing  electrical  work. 
Hie  develc^ment  and  experience  leading  to  these  rules  covered 
many  years,  but  in  1897  what  is  known  as  the  National  Electrical 
Code*,  was  first  issued  by  the  National  Board  of  Fire  Underwriters 
with  the  approval  of  a  large  number  of  engineering  associations  of 
national  scope,  whose  endorsement  has  given  to  these  rules  a  stand- 
ing and  reputation  unequaled  by  that  of  any  other  body  of  rules  on 
an  engineering  topic  in  this  or  other  countries. 

The  Code  is  generally  admitted  to  represent  the  best  opinion 
on  electricity  with  relation  to  the  fire  hazard  under  the  conditions 
existing  in  the  United  States.  It  is  in  general  use  by  insurance 
oompaniea,  rating  and  inspection  bureaus  and  departments,  and 
engineering  organizations.  It  is  either  adopted  unchanged  as  the 
official  body  of  rules  for  cities,  or  is,  in  some  cases,  used  as  the  basis 
for  the  rules  prescribed  by  the  city  government  with  a  few  changes 
or  additions  which  are  demanded  by  peculiar  local  conditions  or 
which  give  greater  protection  against  injury'  to  persons  than  can 
be  prescribed  by  insurance  companies,  which  are,  of  course,  not 
primarily  concerned  with  the  life  hazard.  These  changes  are,  in 
nearly  every  case,  of  minor  importance  and  consist  usually  of  cer- 
tain more  stringent  requirements  than  have  found  acceptance  as 
a  part  of  the  Code.  Few,  if  any,  city  rules  are  less  exacting  than 
the  Code  and  nearly  all  are  identical  with  its  provisions. 

It  should  be  noted,  however,  that  the  Code  does  not  attempt 
to  prescribe  the  most  efficient  or  economical  means  of  ap])lying 
electric  currents,  nor  does  it  formulate  engineering  rules  or  practice, 

•The  NatioiuU  Electrical  Code  will  hereafter  be  referred  to  as  the  "Code." 
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except  in  relation  to  firc  hazards.  It  is  published  every  two  yean 
following  a  public  meeting  in  New  York  City  at  which  all  proposed 
changes  or  additions  are  thoroughly  discussed.  These  meetings  are 
held  under  the  direction  of  the  Electrical  Committee  of  the  National 
Fire  Protection  Association,  a  society  the  active  members  of  which 
are  insurance  boards  and  bureaus,  electric  and  architectural  associa- 
tions and  institutes  and  other  soc*ieties  of  national  character.  The 
Code  has,  therefore,  the  authority  not  only  of  underwriters,  but  also 
the  indorsement  of  all  the  chief  associations  in  the  electrical  and 
building  industries. 

Twice  every  year  (April  and  October)  is  issued  the  List  ofEleC' 
trical  Fittings  which  gives,  under  the  names  of  manufacturers,  the 
devices  which  have  l)een  approved  for  use  after  samples  have  been 
examined  and  tested  in  accordance  with  the  Construction  Rules  by 
Under^Titers'  laboratories,  an  institution  located  in  Chicago, 
Illinois,  and  maintained  by  insuranct^  interests  for  the  purpose  of 
making  investigations  having  a  bearing  on  the  fire  hazard. 

In  the  pages  which  follow,  no  attempt  ^ill  be  made  to  restate 
aU  of  the  rules  of  the  Code,  but  rather  to  indicate  the  chief  undo"- 
lying  principles  of  the  rules  and  explain  some  of  the  reasons  for 
them. 

Copies  of  the  (^ode  can  Ix*  obtained  without  cost  from  any 
insurance  bureau  and  refert*nci>  to  the  Ccxie  will  be  made  freely  in 
this  book.  It  is.  thcn^fore.  assunuxi  that  the  rt»ader  has  the  Code 
before  him  and  will  refer  to  it  for  the  official  statement  of  the  several 
rules,  and  for  the  relatively  less  important  details  not  repeated  in 
this  text. 

POWER  STATIONS  AND  THEIR  EQUIPMENT 

There  are  some  p)eculiar  hazards  present  in  stations  or  rooms 
used  for  g(*neratinp  electricity  aside  from  those  al\\ays  involved 
where  larger  amounts  of  power  art*  pro<hice<i  and  controlled. 

In  the  case  of  comi)anies  furnishing  electricity  for  light  and 
power,  the  generating  and  transforming  stations  are  often  of  large 
size,  and  contain  aj)paratus  which  is  very  expensive  and  also  of 
enormous  importance  for  the  uninterrupted  maintenance  of  the 
service  they  render.    Modern  practice*,  therefore,  tends  toward  the 
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housing  of  such  central  plants  in  separate  buildings'  of  strictly  fire- 
proof construction,  and  the  employment  of  every  resource  of  en- 
gineering skill  and  experience  to  prevent  fire  from  causing  loss, 
either  by  the  destruction  of  the  equipment,  or  by  interruption  of 
service  resultmg  therefrom. 

The  protection  against  fire  in  such  stations  thus  becomes  one 
of  the  chief  considerations  in  the  design  of  the  whole  plant  and 
passes,  therefore,  in  great  measure  into  the  field  of  the  designing 
engineer.  In  any  modem,  well-designed  central  station  the  original 
equipment  b  usually  fairly  good  from  the  viewpoint  of  fire  hazard. 
The  chief  troubles  often  result  from  crowding  equipment  when  it  is 
found  necessary  to  enlarge  the  capacity  of  the  plant.  Ample  room 
for  operating  and  for  inspecting  is  absolutely  essential.  Accessibility 
of  all  portions  of  electrical  equipment,  the  use  of  fireproof  materials 
throughout,  the  installation  of  protective  devices  of  approved  de- 
sign, and  of  ample  capacity  and  arrangements,  by  which  any  trouble 
may  be  readily  confined  to  a  limited  portion  of  the  equipment,  are 
chief  requisites  of  a  central-station  equipment  from  the  viewpoint 
of  the  electrical  fire  hazard. 

Standard  methods  of  installing  generators,  switchboards,  and 
all  transforming  devices,  should  be  followed,  but  the  engineering 
requirements  of  special  cases  and  the  complexity  and  variety  of  such 
equipments  in  present-day  stations  render  it  manifestly  impossible 
to  describe  in  definite  terms  the  details  of  construction  and  installa- 
tion. In  general,  generators  and  motors  of  themselves  present  less 
hazard  than  the  switchboards  with  the  mass  of  wiring  often  found 
on  them,  the  transformers  with  their  charges  of  inflammable  oil,  or 
the  large  conductors  carrjdng  heavy  currents  and  presenting  large 
surfaces  of  combustible  insulations. 

Strict  compliance  with  all  accepted  rules  for  wiring  is  of  as  great 
importance  in  central  stations  as  elsewhere,  both  because  of  the 
large  values  involved,  and  because  of  the  large  amounts  of  energ>' 
to  be  controlled  on  the  circuits.  Central  stations,  therefore,  should 
never  be  considered  as  outside  of  "Code  rules"  so  far  as  they  apply. 

Qenerators.  Generators  for  either  central  stations  or  isolated 
plants  should  always  be  located  in  a  dry,  light  place  as  the  presence 
<rf  mobture  b  apt  to  injure  the  machines  or  may  in  extrefne  cases 
cause  short-circuits  in  leads  to  the  machine.    Xo  combustible  ma- 
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terial  should  Ite  permitttxl  near  a  (l\-imni(>,  atid  it  b  desirable  that 
there  sl^ould  ))e  gw^  \-t'iitilatiim  to  maintain  reasonably  low  tem- 
perature, thus  increasing  the  fajwuity  of  the  machine. 

The  presence  of  generators  in  rooms  where  any  hazardous 
process  is  carried  on  is  not  to  be  allowed  and  it  should  be  retnem- 
\tend  that  sparks  from  generator  brushes  or  rings  may  readily  set 
fire  to  inflammable  gases  or  to  flyings  of  lint.  Generators  should 
he  raLsed  alxive  the  floor  and  should  preferably  be  mounted  on 
woo<l  Itasfs  (Fig.  19)  which  insulate  the  machine  frame.  Such 
insulation  will  prevent  a  failure  of  insulation  in  the  machine  windings 


an  Wooden  Ba» 


from  groiiii'liiij;  the  system.  Such  a  ground  might  cause  a  short- 
circuit  if  the  system  Ixtanic  grmnided  at  another  point.  If  the  frames 
arc  not  insulated  a  reliable  ground  connection  is  required  in  order 
to  give  a  goad  path  for  anj'  leak  currents  which  may  occur,  instead 
of  an  accidental  path  which  ma\'  Ik*  dangerous. 

Ill  generating  plants  su))plyiiig  current  to  railway  power  lines, 
such  as  troUej-  an<l  third-rail  tquipmerits,  the  current  usually  is 
carried  to  the  trolley  or  third  rail  and  returns  after  passing  through 
tlie  car  motors  by  means  of  the  track  rails  and  the  ground.    AH  feed 
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wires  from  such  generating  stations  must  be  protected  at  the  station 
by  an  approved  circuit  breaker  or  similar  device  which  will  auto- 
matically cut  ofT  the  current  from  the  feed  wires  in  case  of  an  acci- 
dental ground  which  might  allow  abnormally  large  currents  to  pass 
over  the  wire. 

D^Tiamos  in  manufacturing  plants  are  usually  installed  in  the 
same  rooms  with  the  engines  which  drive  them,  and  such  rooms, 
therefore,  present  possible  hazards  from  the  exposure  of  wiring  to 
steam  piping  and  to  mechanical  injuries  from  whatever  work  may 
be  done  in  repairs  or  alterations  of  machinery.  The  most  common 
faults  in  such  locations  arise  from  crowding  the  electrical  equipment 
into  too  small  and  inaccessible  locations  from  a  desire  to  use  space 
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Fig.  20.     Diagram  Showing  Fuse  Protection  in  Vurious  Types  of  Circuits 

either  not  available  for  other  uses  or  not  especially  planned  for 
electrical  apparatus.  Convenience  of  operation,  cleanliness  of  sur- 
roundings, and  a  workman-like  layout  of  equipment,  all  contribute 
to  the  maintenance  of  good  fire  conditions.  The  requirements  for 
overload  protection  at  constant-potential  generators  are  shown  in 
the  diagram,  Fig.  20,  where  ¥  in  each  figure  represents  the  fuses  or 
circuit  breakers  required  by  the  Code.  These  fuses  and  breakers 
will  usually  be   located   on  the   main   switchboard.     This  leaves 


127 


24 


UNDERWRITERS'  REQUIREMENTS 


the  large  main  cables  from  generators  to  switchboard  unprotected 
and  for  this  reason  special  pains  should  be  taken  with  their  instal- 
lation since  an  accident  to  them  mij^ht  be  very  serious. 

Dynamo-Room  Wiring.  AH  wiring  in  dv'namo  rooms  should  be 
done  in  the  most  substantial  manner,  and  special  attention  should 
be  given  to  simplicity  and  onlerliness  of  arrangement.  AU  supports 
for  conductors  must  bo  very  substantial.  Fig.  21  shows  an  excdlent 
example  of  a  large  mass  of  wiring  well  installed. 

All  wiring  should  be  readily  renewable  and  accessible.  TUt 
usually  requires  either  open  wiring  or  some  form  of  conduit.    A 


Ra,  21.     Eumple  ol  T.ur<  Mm*  d1  Witinc  Wall  lutdM 

fiber  conduit  is  larKcly  uscil  for  this  work  and  pves  good  results. 
The  large  amount  nf  wire  jiml  cable  often  found  in  d.^'namo  rooms, 
tnReth<T  witli  tlic  large  currents  carried  on  the  conductors,  makes 
it  nfcessar\-  es])e«iiilly  about  switchlwards  to  cover  the  highly  in- 
flammable rnhl«T  atid  liraiiled  cin-erings  with  a  tight  jacket  of  some 
niin-conibustililf  material,  such  as  asln-stos,  to  reduce  the  probability 
of  fire  si)rea(liiif:  nijiidly  over  all  the  exjxtseii  wiring. 

Ilus  bars  uTt:  usujiUy  left  bare  luit  there  should  be  as  little  other 
bare  ciirreiif -carrying  metal  as  iMissilile. 

All  conductors  shoulil  have  ample  current  ca|>acity,  and  in  their 
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installation  special  care  must  be  ^ven  to  securing  excellent  insula- 
tion and  reliable  supports.  Due  regard  should  be  given  to  the 
possibility  of  injury  to  conductors  by  tools,  belts,  ladders,  etc.,  or 
by  any  vibration  which  may  cause  a  gradual  wear  on  wire  coverings. 
Id  general,  the  requirements  of  Class  C  of  the  Code  apply  to 
djiiamo^oom  wiring  with  such  special  precautions  as  are  dictated 


Fla-  33.     Old-Styl«  Type  ol  Wood-Frmma  SiiilcbboftRl 

by  the  large  currents  to  be  eared  for  and  the  presence  of  a  great 
number  of  conductors  which  may  have  to  Ix;  placed  rather  closely 
together. 

Switchboards.  The  danger  of  fire  at  swltchljoards  lies  In  the 
large  number  of  wires  usually  concentrate<l  on  them,  and  the  use  of 
rheostats,  fuses,  and  other  appliances  which  an-  possible  sources  of 
fire.    The  switchboard  itself  should  always  be  of  slate  or  porcelain. 
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The  old  wood  racks  (see  Fig.  22)  once  used  are  not  dewrable 
though  still  permitted  if  of  hard  wood  well  filled.  Fig.  23  shows  a 
small,  well-arranged  switchboard.  While  the  front  of  the  switch- 
Intard  is  the  operating  sitle,  the  rear  is  the  part  where  trouble  is  more 
likely  to  occur.  The  hack  of  the  board  should,  therefore,  be  easily 
accessible  and  neatness  of  arrangement  and  reliable  supports  for  all 


[.  3:t  •  Appri 


conductors  tw  iniiHTiilivc.  No  makeshifts  are  tolerable  on  switch- 
iKiiinls  under  any  conditions.  Fig.  24  shows  the  back  of  a  board. 
Kvcr>'  pn'caution  must  I>e  taken  to  keep  water  or  even  moisture 
off  switdiboards  sinw?  a  short-circuit  would  be  easily  started  and 
the  result  would  often  be  highly  tlisastrous.  The  Code,  Rule  3, 
gives  in  detail  sonic  rcqiiircnients  for  location  and  care  of  switch- 
lioards,  the  reasons  for  which  are  appan'nt  without  further  explana- 
tion. Fig.  25  shows  a  large  m«Hlern  switchboard.  In  general  the 
exact  arrangement  of  parts  on  switchboards  is  determined  by  en- 
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Kirieoriiif;  anil  oporntinf;  r(>qiiireinent!i,  and  the  interest,  from  the 
vipwpoint  <>r  tin-,  ct-nters  in  the  protection  of  conductors  and  the 
ItK-dtion  of  Inmn)  and  instruments  to  reduce  the  probability  of  fire 
spreudin};  from  the  Ixiurd  to  the  otiier  parts  of  the  building.  Order- 
liness (iiid  cleuidiriess  shuuUl  be  insiste<t  upon. 

Resistance  Boxes  or  Rheostats.  Thew  are  used  in  a  great 
variety  nf  si/.<-s  and  designs  witli  dynamos  and  motors  and  at  switcfa- 
iHwnls.  They  may  be  nnunted 
eitlier  on  tlie  machines  or  switch- 
lioanis  or  separately,  but  in  every 
cade  they  must  be  considered  as 
"stoves"  and  liable  to  become 
■■rwl-hot."  "Hie  tact  that  thej-  do 
nut  become  hot  when  used  mxler 
iiiirnml  conditions  b  not  to  be 
rousiilercd  as  in  any  way  lessening 
the  n-quirements  for  protection. 

.\  bum-out  of  a  rheostat  may 
result  in  a  mass  of  flames  from 
'"  '"-it.'r'iln'i.'i'ii"".",'!'"''"*"  *''*"  """i^rois  wires,  usually  con- 

tained in  or  leading  to  the  device, 
Hill!  tluTi'  niiiv  In-  (iiu[i>  nr  spurts  iif  nit-lttHl  s«>lder  or  other  metal 
Kit:.  Jii  slunv>  tin-  intciior  uf  ii  small  startiuK  rheostat. 

.\ll  n'>i<liinii'  ili-\  ici's  iiseii  for  >tartinf;,  regulating,  and  controlling 
iiiaiiiim  ^i  an-  tn  In-  classed  as  ■"ri-sistaiifcs"  in  the  intent  of  the  Rules, 
anil  ^\  ill  plural  are  all  devitvs  or  parts  of  devices  where  coils  (rf 
iviri'.  iron  jrriti-.  i>r  oilier  >iitiilar  cibjccts  are  made  parts  of  the  circuit. 
Lightning  Arresters.  'I'lie  pur|>osi'  of  these  devices  b  to  prevent 
lij;liliiitig.  IT  external  lui,'li-viilta};e  eurrents  from  foreign  circuits. 
entering  ll'*'  siatimi  ami  there  causing;  tire  ur  damaging  machinery 
and  instruments.  I.i^rlitnin^  eanmii  l)e  '■stopi)ed"  but  may  be 
ilinrtitl  til  tile  eartli.  .\  lar^re  variety  of  lightning  arresters  are  on 
the  market  luit  they  an-  all  de>if:ne<l  t"  alFord  a  iwth  by  which  dis- 
iliarnes  ma.\  jia-^  to  "firoimil"  iiisieail  of  hito  the  station  apparatus 
and  to  prevtiit  -.o  far  a-  ["■>sil)|e  the  normal  currents  on  the  lines 
from  following  tin-  |iatli.  'I'lie  ojHTatiiiii  of  many  lightning  arresters 
is  aeeonipaiiieii  liy  sparks  wliieh  may  in  severe  eases  assume  the 
size  iif  powerful  ares.    The  loealion  of  these  devices  away  from  all 
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combustible  material  is  tbus  imperative.    They  are  often  installed 
in  separate  buildings  with  other  emergency  appliances. 

Tbe  full  discussion  of  lightning-arrester  construction,  opera- 
tion, and  instaUation  is  impracticable  in  this  book.  Suitable  loca- 
tion, the  running  of  connections  in  straight  lines  with  the  fewest 


pos^ble  bends,  the  use  for  ground  wires  of  copper  wire  not  smaller 
than  No.  6,  and  especially  the  securing  of  permanently  good  ground 
connections  are  the  chief  considerations.  Two  separate  ground  con- 
Dections  are  often  desirable.  Fig.  27  shows  a  type  of  electrolytic 
Ugfatning  arrester  for  7,000  volts  maximum  potential  to  be  used  on 
three-phase  circuits,  grounded  or  neutral  service. 
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Qround  Detectors  and  Tests.  Except  where  circuits  are  inteo- 
tionally  and  ])erniaiuMitly  grounded,  a  leak  to  "ground"  may  be 
the  cause  of  arcs  at  any  iK)int  in  the  system  which  may  be  dangerous. 
By  **ground**  is  to  l)e  understood  the  earth,  walls  or  floors  of  masomy, 
pipes  of  any  kind,  inm  beams  or  floors  and  the  like.  It  is,  theie- 
fore,  require<l  that  suitable  instruments  and  circuits  be  pro\'ided  to 
iiKlicate  cither  continuously,  or  by  frequent  tests,  whether  there 
art;  such  ^nuid  coiuicctions  which  would  indicate  a  failure  of  some 
insulation.  If  such  a  failurt;  is  shown  by  the  detector  the  trouble 
can  usually  1m«  UK'atc<l  and  repaired  before  injury*  is  done. 

Gn)un(l  <ictectors  may  take  the  form  of  special  instruments  on 
the  switchlK>anl  or  of  arrangements  of  switches  ^ith  laof^  or  vok- 
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meters  wliich  can  he  uscmI  to  test  the  insulation  of  each  side  of  each 
circuit  in  turn.  The  connections  should  be  such  that  the  detector 
cannot  Ih»  left  out  of  circuit.  For  the  various  arrangements  of  ground 
detectors  reference  must  Ik*  made  to  the  standard  electrical  treatises. 

Atte!ition  may  l>c  callcil  to  the  following  points  which  are  fre- 
quently negkH*tc,(l : 

(1)  I^imp  reei»ptaclcs  should  Iw  keyless  and  anj^  switches  in  the 
detector  circuits  should  1h'  so  con!Kx*ted  that  the  detector  will  con- 
tinuously j^ivt*  an  iiHli<*ation  on  at  least  one  side  of  the  circuit. 

i2)  The  wirt\s  should  always  be  protected  by  small  fuses  where 
they  connect  to  the  bus  bars. 

('^)  If  the  <lcte(!tor  is  of  a  t^-pe  depending  on  relative  bright- 
nin>s  of  two  lamps,  the  lamps  should  Ix*  ver>'  close  together. 

(4)  SjHH'ial  can*  should  Ix*  taken  to  secure  excellent  ground 
connection  for  the  ground  win*. 
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The  accompanying  diagram,  Fig.  28,  shows  a  verj'  good  and 
simple  detector  for  any  two-wire  low-voltage  system,  and  is  t^-pical 
of  many  in  use.  (The  diagram  and  description  are  taken  from  a 
publication  of  the  Associated  Mutual  Fire  Insurance  Companies.) 

The  lamp  for  the  detector  should  be  of  the  same  candle  power  and  voltage, 
the  voltage  being  about  the  same  as  that  of  the  regular  lafnps  in  the  plant, 
and  two  lamps  should  be  selected  which,  when  connected  in  series,  burn  with 
equal  brilliancy.  Although  somewhat  greater  sensitiveness  can  be  obtained 
with  low-candle-power  lamps,  such  as  8  c.  p.  for  example,  it  is  believed  in 
genend  to  be  preferable  to  use  lamps  of  the  same  candle  power  as  those  through- 
out the  plant,  as  then  a  burned-out  or  broken-detector  lamp  can  be  imme- 
diately replaced  by  a  good  lamp  from  the  regular  stock,  thus  avoiding  the 
necessity  of  keeping  on  hand  a  few  spare  special  lamps. 

The  detector  lamps,  being  two  in  series  across  the  proper  voltage  for 
one  lamp,  bum  only  dimly.  If,  however,  a  ground  occurs  on  any  circuit, 
as  at  o,  the  current  from  the  positive  bus  bar  through  lamp  No.  1  divides  on 
reaching  6,  instead  of  all  going  through  lamp  No.  2,  as  it  did  when  there  was 
no  ground.  Part  now  goes  down  the  ground  wire  and  through  the  ground  to 
a,  as  indicated  by  the  broken  line,  and  thence  through  the  wires  to  the  negative 
bus  bar.  This  reduces  the  resistance  from  6  to  the  negative  bus  bar,  and, 
therefore,  more  current  flows  through  lamp  No.  1  than  before,  while  less  cur- 
rent flows  through  lamp  No.  2.  Lamp  No.  1  consequently  brightens  and 
lamp  No.  2  dims.  If  the  groimd  had  occurred  at  c  instead  of  a.  lamp  No.  2 
would  have  brightened  and  lamp  No.  1  dimmed.  This  detector,  while  not  able 
to  indicate  extremely  small  leaks,  will  show  any  leak  that  is  likely  to  be  dan- 
gerous from  a  fire  standpoint. 

Motors.  Electric  motors  are  ver>'  generally  used  in  manu- 
facturing plants  of  all  sorts  and  their  use  is  still  rapidly  increasing. 
Tliey  are  also  used  very  extensively  for  elevators,  cranes,  and  for 
an  infinite  variety  of  uses  in  all  classes  of  buildings.  Recently  port- 
able motors  of  small  size  have  come  into  very  general  use  for  drills, 
and  other  portable  toob,  vacuum  cleaners,  washing  machines,  and 
scares  of  other  purposes  where  their  cleanliness,  economy,  and 
adaptability  to  all  service  reconunends  them.  These  portable 
motxxrs,  however,  do  not  in  general  come  under  the  rules  prescribed 
fcM"  stationary-  machines,  though  their  use  involves  similar  hazards 
and  some  others  peculiar  to  themselves.  These  will  be  discussed 
later. 

In  general  the  same  precautions  should  be  taken  ^\dth  motors 
as  with  generators.  Dry,  clean,  well-lighted  locations  should  be. 
cbosen  for  them.  It  is  a  very  common  fault  to  install  a  motor  in  a 
space  too  small  for  it,  or  in  a  place  where  rubbish  and  dirt  are  allowed 


135 


32  UXDERWRITERS'  REQUIREMENTS 

to  accumulate.  The  fact  that  modem  motors  are  verj-  sturdy  ma- 
chines, and  will  continue  to  work  even  when  neglected  and  abused, 
encourages  carelessness  in  maintenance  which  often  results  in  hazard- 
ous conditions.  Except  where  unavoidable,  motors  must  never  be 
located  in  the  vicinity  of  combustibles,  in  wet  places,  or  in  very  dusty 
or  dirty  places.  \N'hen  such  locations  are  unavoidable,  an  "enclosed" 
type  of  motor  shoul<l  be  used,  or  a  special  room,  Fig.  29,  should  be 
provided.     Many  modem  types  of  altemating-cuirent  motors  have 


no  expose<i  live  parts  ami  do  not  Iia\'e  commutators  or  brushes  and 
arc,  therefore,  well  suited  to  dustj^  or  linty  places.  Fig.  30  shovsa 
nmgh  coniniutator  of  a  motor.  It  is  evident  that  as  the  commutator 
^e^■olv^'s.  the  brush  wliich  carrit-s  the  main  motor  current  will  not 
fit  well  at  all  jxiiiits  and,  tliercforc,  sparking  will  result.  In  ertreme 
cases  this  sparking  may  he  duiif^crous,  esj)ecially  in  dusty  places  or 
whore  inllHnimidiK.  gjists  are  present.  Where  motors  are  used,  not 
of  eiicliised  tyjH's  with  brushes,  (■()mmutators  or  slip  rings,  where 
sparking  niiiy  occur.  siKH-iiit  cntlosures  should  be  provided.  The 
installation  of  motors  on  eciliiijrs,  I'ig.  'M,  or  built  in  as  parts  of  the 
siM-cial  machines  wliidi  tliey  ilri\'e,  i>ften  affords  both  tlie  neatest 
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and  the  safest  arrangement.  Motors  operatinji  at  voltages  over  550 
volts  require  special  precautions  in  re- 
spect to  wiring  leading  to  them.  Motors 
for  less  than  550  volts  are  wired  accord- 
ing to  the  general  rules  for  low-poten- 
tial systems. 

IVirirtg  to  Motors.  The  supply  leads 
to  motors  must  be  of  a  size  to  carry  at 
least  25  per  cent  more  current  than  that 
for  which  the  motor  is  rated.  This  ap- 
plies to  all  types  of  motors  both  d.  c.  and 
a.  c.  and  is  required  even  though  the  ihotor 

is  not  actually  being  used  for  its  full  loa<l.     This  is   called  for  to 

provide  for  the  currents  required 

to  start  the  motor  which  are 

almost  always  greater  than  the 

current    needed  for  continuous 

full    load  running,  and  also  to 

provide  a  margin  of  safety  at  all 

times. 

ff'iring    for    Direct-Current 

Motora.      The   Code   prescribes 

the    safe    carrying    capacity   of 

wires  of  different  sizes.  Page  65. 

Thus   if  a  direct-current   motor 

requires  40  amperes  when  work- 
ing under  full  load,  the  lead  wire 

must  be  of  such  size  as  to  carry 

50  amperes.    A  reference  to  Rule 

16  shows  that  this  nnll  call  for  a 

No.  5  wire.    As  No.  5  wire  is  not 

usually  made  for  electrical  pur- 
poses it  would  be  necessary  to 

use  a  No.  4  wire. 

The  factors  which    arc  in- 
volved in  the  determination  of 

the  proper  size  of  leads  to  direct- 
current  motors  are  the  following: 

*lt,Hrl'fK  IwtltfrTiom  Dtpartmrnl.  AHiteiatnl  F-trf' 
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TABLE  I 
Sixes  of  Conductors  In  Direct  Carreat* 


Hor»*- 
Powtrr 

no  VoLW 

220  Volts 

500 

Volts 

Concealed 

Open 

Concealed 

Opeo 

Open 

1 

14 

14 

14 

14 

2 

U) 

H 

14 

14 

3 

S 

10 

12 

14 

4 

6 

8 

10 

14 

6 

6 

6 

10 

12 

7J 

3 

4 

6 

8 

10 

1 

2 

6 

6 

12 

121 

0 

1 

4 

5 

10 

!       15 

00 

0 

3 

4 

10 

1       171 

(KK) 

000 

2 

3 

8* 

20 

1 

i 

(NNN) 
r.  111. 

000 

r.  III. 

1 

2 

8 

1 

25 

250,(MM) 

250.000 

0 

1 

6 

30 

350.(KK) 

250,(MK) 

00 

0 

5 

35 

'       400,000 

3(N).(NN) 

000 

000 

4 

40 

r)(K),000 

350,(KK) 

0000 
1         c.  m. 

000 
c.  m. 

3 

50 

7(K).(K)0 
[]uettioD  uf  drop 

r,()0,000 
in  not  taken  into 

250,000 

consideration  in 

250,000 

1 

♦The  ( 

the  abore  table. 

E=yo 

Its  required  1 

)y  motor 

k=efh 

iciency  of  mc 

)tor  in  per  cent 

h.i).  =  ra1 

teil  horse-pov 

ver  of  motor 

Then  if   /= current  in  ami)eres  at  full  load  and  at  the  given 
voltage 

h.p.X746 


/  = 


K  X  k 


When  /  is  found,  a  reference  to  the  Wire  Capacity  Table,  Page  65, 
will  show  what  size  of  wire  is  recjuired  for  current  25  per  cent  in  ex- 
cess of  /. 

In  Table  I  are  given  the  sizes  of  «)nductors  in  Brown  and  Sharpe 
gauge  required  for  direct-current  motors  of  respective  sizes  in  h.p. 
and  voltages,  on  the  basis  of  90  per  cent  efficiency  and  25  per  cent 
overload  on  motor  leads.  The  two  columns  refer  to  firing  run 
'"concealed"  as  in  conduit  or  "open"  as  on  cleats. 
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TABLE  II 
Sizes  of  Cooductors  In  Alternating  Curreat* 

SINGLE  PHASE 


110  Volts 

220  Volts 

H.  P. 

Amps,  on 
Mains 

Sise  of  Wire 

Amps,  on 
NiainA 

Siie  of  Wire 

Concealed 

Open 

(/oncealed 

Open 

1 

12 

12 

14 

6 

14 

14 

2 

23 

8 

10 

11 

12 

14 

3 

33 

5 

6 

16 

10 

12 

4 

44 

4 

5 

22 

8 

10 

5 

53 

2 

3 

26 

6 

8 

7J 

85 

0 

0 

42 

4 

5 

10 

110 

000 

000 

55 

2 

3 

A 

B 

A 

B 

THREE  PHASE,  220  VOLTS 


Hone-Power 


1 
2 
3 
4 
5 

7J 
10 
15 
20 
30 
50 
75 
100 
150 


Ampereii 
on   Mains 


3 

6 

9 

11 

14 

20 

27 

40 

50 

75 

125 

185 

250 

370 


Sue  or  Wirk 


Concealed 


14 

14 

12 

12 

10 

8 

6 

4 

3 

0 

0000 

300,000 

500,000 

800,000 


Open 


14 

14 

14 

14 

12 

10 

8 

5 

4 

1 

000 

250,000 

350,000 

600,000 


B 


*8tae  of  conductor  in  Brown  and  Sharpe  gauge  required  for  altornating-current  motors 
reapeetiTe  sisea  in  b.  p.  and  voltages,  on  the  basin  of  90  per  cent  efficiency,  50  per  cent 
trioM,  and  85  per  rent  power  factor. 

The  question  of  drop  is  not  taken  into  consideration  in  the  above  table. 

Note.  Column  ''A''  gives  currents  to  be  used  in  calculating  size  of 
mminB  supplying  more  than  one  motor. 

Column  ''B''  gives  sise  of  wire  for  branches  and  mains  supplying  one 
otor. 
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Wiring  for  Aliernaiing-Current  Motor's,  The  calculations  for 
proper  sizes  of  ii^ires  for  alternating-current  motors,  are  somewhat 
more  complicated  than  for  direct-current  motors. 

Table  II  gives  the  ^-ire  sizes  prescribed  by  the  rules  of  the 
Department  of  Electricity  of  the  City  of  Chicago.  Somewhat  dif- 
ferent values  are,  however,  in  use  in  other  places  and  no  universally 
accepted  rule  has  yet  been  developed. 

Switches  and  Protective  Devices  with  Motors.  Every  motor  of 
over  J  horse^power  must  be  protected  by  fuses  or  circuit  breakers, 
and  controlled  by  a  switch;  and  all  of  these  must  be  located  within 
sight  of  the  motor,  and  l)e  arranged  so  as  to  open  and  to  protect  all 
the  wires.  An  automatic  circuit  breaker  which  will  disconnect  all 
the  wres  of  the  circuit  is  considered  the  equivalent  of  both  the  fuses 
and  the  switch. 


Fig.  32.     Wiring  Diagram  of  Motor  Circuit  Showing  Inadequate  Fum  Protection 

The  chief  purpose  of  the  fust^s  is  to  protect  the  motor  and  espe- 
cially the  wiring  to  it  from  overloads  resulting  from  accidents  to  the 
motor  or  from  the  excessive  ciurent  which  will  flow  if  an  attempt  is 
made  to  start  the  motor  when  it  is  for  any  reason  unable  to  start 
and  attain  its  proper  s|x?ed.  The  fuses  must,  therefore,  always  be 
of  such  size  as  to  blow  with  currents  not  in  excess  of  the  specified 
carrying  capacity  of  the  supply  wires.  Circuit  breakers  must  not 
be  set  more  than  30  per  cent  alx>ve  the  carrying  capacity  of  the  wire 
unless  fuses  are  also  used. 

J'or  a.  c.  motors,  each  phase  (/.  r.,  each  main  motor  circuit 
whether  there  are  one  or  more)  must  have  a  fuse  whether  circuit 
breakers  are  used  or  not.  This  is  because  of  the  necessity  of  setting 
circuit  breakers  on  such  circuits  so  that  they  will  not  open  with  the 
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luge  currents  which  flow  on  starting  the  motor.  The  breakers, 
therefore,  may  not  protect  the  wires  properly  but  the  fuses  act  less 
[ffomptly  and  even  if  of  lower  rating  will  not  flow  before  the  motor 
has  come  up  to  speed  and  the  currents  have  been  reduced  to  the 
normal  amounts  for  actual  nuuiing  power.  An  exception  to  this  rule 
19  made  in  cases  where  the  protective  devices  are  on  main  switch- 
boards or  under  constant  expert  supervision.  Also  for  single-phase 
a.  c.  motors,  one  fuse  and  one  circuit  breaker  are  allowed,  one  in  each 
of  the  two  motor  supply 
wires.        V     *d  « 

The  switch  at  a  motor 
is  required  so  that  the  line 
can  be  readilydisconnected 
hum  the  motor  when  the 
latter  is  not  in  use  or  in 
case  of  accident.  On  two- 
wire  systems,  a  double- 
pole  sn'itch  is  required,  on 
three-wire,  a  triple-polo. 
If  a  drcuit  breaker  is 
used  without  fuses  it  must 
be  of  a  tj'pe  which  will 
protect  the  motor  under 
all  cireimistances.  Thus 
in  Fig,  32  the  single-coil  circuit  breaker  does  not  comply  with 
the  rule,  since,  if  a  ground  should  occur  on  the  main  at  G  and 
another  on  the  motor  at  G',  the  coil  C  of  the  circuit  breaker  would 
be  cut  out  of  the  circuit  and  the  breaker  would  fail  to  operate,  for 
no  provision  is  made  to  open  the  other  line.  In  this  case  a  fuse  of 
proper  size  should  be  installed  at  F  or  a  circuit  breaker  having  a  trip 
coil  in  each  tide  should  be  substituted  for  the  fuse  and  breaker  shown 
in  Fig.  32.  If  the  circuit  breaker  takes  the  place  of  the  switch  at  the 
motor  it  must  be  such  that  one  line  cannot  be  opened  without  open- 
ing also  all  the  others. 

Motors  of  J  h.p.  or  less  may  be  connected  to  circ'uits  less  than 
300  volts  in  the  same  way  as  incandescent  lamps,  provided  the 
ftfoper  fuses  are  used  in  the  branches  supplying  the  power  to  them. 
Such  motors,  illustrated  by  desk-fan  motors  and  all  portable  motors 
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of  smatl  n\2e,  do  not  usually  require  starting  rheostats.   I^lg.  33  shovs 
a  small  ventilating  outfit  to  he  connected  to  a  lamp  socket. 

Rkeottatt  tciih  Motors.    Rheostats  are  used  with  motors  for  start- 
ing them   and   for  controlling  th«r 
speed.     They  should  always  be  re- 
garded as  sources  of  heat  and  installed 
accordingly.    Fig.  34  shows  a  common 
type  of  motor-starting  rheostat.  Satii 
rheostats  (called  motor  starters)  need 
to  be  in  the  circuit  for  only  the  vei>- 
short  time  usually  required  to  bring 
the  motor  up  to  speed  and,  therefore, 
they  are  usually  so  designed  to  cany 
the  necessary  current  for  only  this 
brief  period.     Such  motor  startets, 
if  left  with  current  passing  through  their  coils  or  grids  for  longer 
periods,  will  become  very  hot  and  may  bum  out.    The  nuumer  in 
which  a  simple  motor  starter  is  connected  is  shown  in  F^.  35  when  A 
represents  the  armature  of  the  motor,  M 
'     ^        n  n       *^^  ***'''  ™'' '"'  electromagnet  of  the  motor 
'  \l        M  and  R  the  resistance  coils  in  the  starter 

A   '    it.  n,  rheostat  box.    The  required  fuses  and 

i    I         i    Q  switch  are  shown  at  FF  and  S.     In  this 

design  the  starter,  fuses,  and  switch  are 
all  mounted  on  a  single  slate  base.  To 
start  the  motor,  the  switch  S  is  first 
closed  and  the  handled  b  slowly  moved 
fn)m  0  to  the  position  shown  in  the  dia- 
gram. It  will  be  seen  that  the  re^tance 
li  during  the  prm-css  of  starting  serves  to 
^\  limit  the  current  supplied  to  the  motor  at- 
mature,  which  would  otherwise,  until  the 
motor  came  up  to  speed,  be  excessivdy 
Pig.  .1.^.  stiriiiiE  ith.-oKut  wirinK  large.  ^Vhen  the  handle  has  reached  the 
position  shown,  the  resistance  is  all  cut 
out  of  the  rircuit.  .\  rheostat  of  this  sort  cannot  be  used  safely 
except  to  start  a  motor  of  the  proper  size  for  it.  The  resistances  will 
get  excessively  hot  if  //  is  allowed  to  remain  at  any  intermediate  pcMBt 
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Motor  starters  for  d.  c.  motors  must,  therefore,  be  made  90  tliat 
a  spring  or  other  device  will  return  the  lever  to  the  "off"  position  in 
case  the  operator  attempts  to  leave  the  starter  with  current  passing 
through  its  resistance  coils.  This  is  because  these  coils  are  not 
designed  for  this  continuous  duty.  When,  however,  the  lever  has 
been  moved  clear  across  to  its  final  position,  it  is  held  there  by  a  small 
electromagnet  (V  in  Fig.  35)  but  in  this  position  the  connections 
ha\'e  been  shifted  so  that  the  resistance  coils  are  no  longer  in  the 
drcuit.  If  now  it  should  happen  that  the  supply  of  current  should 
fail,  the  electromagnet  (called  the  no-eoliage  release)  will  release  the 
lever  which  will  fly  back  to  the  original  "off" 
position.  Then  when  the  supply  is  re-estab- 
lished the  motor  will  not  be  injured  by  start- 
ing too  suddenly,  or  by  the  severe  arcing  at 
the  motor  commutator. 

Since  a.  c.  motors  usually  have  no  com- 
mutators and  are  less  liable  to  injury  from 
sudden  starting,  a  no-voltage  release  is  not 
required  in  a.  c.  starters. 

A  somewhat  different  device  called  an 
autottaiier,  potential  starter,  or  compensator,  is 
often  used  for  starting  a.  c.  motors.  It  is  a 
form  of  transformer  which  allows  onl^-  a  por- 
tion of  the  line  voltages  to  be  applied  to  the 
motor  until  It  is  well  started.  Autostarters 
are  to  be  regarded  as  sources  of  heat,  and 
much  the  same  precautions  are  necessary  as 
with  ordinary  starters  containing  wire  coils  or 
iron  grids.  If  they  contain  oil-immersed 
switches  or  coib,  the  oil  adds  a  further  hazard  o 
ed  or  spattered  about.    Fig.  36  shows  the  interior  of  a  compensator. 

In  general,  motor  starters,  either  d.  c.  or  a.  c,  involve  both  the 
hazards  of  switches  and  those  of  possibly  overheated  coils  of  wire  or 
other  parts,  and  must  be  treated  accordiiigi\-. 

Another  dass  of  rheostats  includes  those  which  are  intended  for 
regulating  the  speed  of  motors  and  generators.  They  are  necessarily 
used  continuously  whenever  the  machine  is  running  and,  there- 
ioK,  must  be  proportioned  so  that  their  coils  or  other  resistances 


n  becoming  overheat- 
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will  not  become  o\'erheated,  even  when  the  necessar}'  cuirent  traverses 
them  for  hours  at  a  time.  Fi^'  ^~  shows  a  large  riieostat  of  this  type. 
Among  these  rheostats  are  classed  field  rheostats  tor  dj-nunos,  con- 
trollers for  motors  (as  distinguished  from  motor  starters),  theater 
lamp  dimmers,  and,  in  fact,  all  rheostats  or  resistances  which  are 
required  to  be  continually  in  the  drcuit.  Some  motor  starters  are 
designed  to  serve  also  as  controllers  and  may  ha\-e  two  sets  of  re- 
sistances, one  for  starting  only  and  the  other  for  cootiouous  duty 
in  varying  the  speed  of  the  motor.  These  are  especially  useful  in 
connection  with  machine  tools  and  umilar  apparatus. 

Special  forms  of  rheostats  having  their  resistances  so  oiclosed 
that  a  bum-out  will  not  cause  sparks,  are  required  in  dusty  cv  linty 


places,  sucli  as  Hour  mills,  various  te.'rtile  mills,  etc.  If  sudi  spe- 
cially protected  starters  are  not  supplied,  the  starting  apparatus 
shoiilil  Ih"  in  special  nxinis  where  the  dust  or  lint  can  be  kept  out. 
The  (ianp'rs  to  Iw  piiiirded  ugainst  in  all  rheostats  of  everj-  type 
arise  from  the  fjict  that  these  appliiiiK-es  must  from  their  very  nature 
bt^  sources  of  bent.  \iy  lil>eral  design  and  good  ventilation  the 
ienii>eT<tfitrfx  <-8n  Iw  kept  low;  but  all  rheostats  should  be  installed 
with  the  idea  that  they  nia.\-  become  overheated  by  failure  or  mis- 
use. Fig.  3S.  The  largo  amount  of  insulated  wire  often  used,  and 
the  oil  in  which  parts  are  sometimes  immersed,  may  furnish  a  con- 
siderable amount  iif  fuel,  and  in  se\-en^  burn-outs,  flames  may  result 
and  molten  metal  l>e  ejeeted.  A  large  amount  of  smoke  usually 
ucconi]ianies  a  burn-out  of  a  rheostat. 
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Stonse  Batteries.  Batteries  of  Urge  size  are  now  in  common 
use.  TTiese  arc  practically  always  storage  batteries,  that  is,  bat- 
teries which  are  recharged  by  having  current  from  a  generator 


FiR,  38.     Eumpli  ol  Bully  Irutolleil  Rhooiut  »i 


supplied  to  them  fnun  time  to  time.  What  arc  calle<l  primary 
batteries,  that  b  cells  in  which  there  is  a  chemical  action  which  sets 
up  a  current  without  any  machine  being  used  to  charge  and  recharge 
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them,  are  sometimes  of  large  size,  and  develop  fairly  high  voltages. 
They  are,  however,  used  chiefly  for  telegraphs  and  other  signaling 
work  and  need  not  often  come  under  the  supervision  of  underwriten 
or  fire-protection  engineers. 

Storage  cells,  however,  where  they  are  capable  of  develoiHiig 
the  same  voltage  (100  to  GOO  volts  not  uncommon)  require  the  same 
general  precautions  as  dynamos  or  motors  since  they  produce  lilte 
amounts  of  energy.  Furthermore,  it  is  a  property  of  such  batteries 
that  in  case  of  a  short* 
drcuit  they  can  for  s 
short  time  supply  vray 
large  currents,  far  larger 
than  they  are  normally 
called  upon  to  supi^. 
Thus  they  may  be  term- 
ed reservoirs  of  energy, 
capable  of  producing 
trouble  if  their  output  is 
not  properly  controlled. 
Storage  batterj'  rooms 
should  be  thoroughly 
ventilated.  The  action 
of  the  current  in  charging 
the  battery,  liberates  at 
times  large  quantities  of 
hydrogen  and  oxj-gen, 
and  if  these  should  ac- 
cumulate in  the  right 
proportions,  they  would 
form  an  explosive  mix- 
accidental  spark. 


Fii   39.     GrnFril  ELivlrti-  Arc  Lirhlini 
TrBDsfuriiKr  »lh  Sciieo  R«ctifi« 


turc  which  might  be  expWled  by  i 

The  water  and  acid  used  alwut  storage  batteries  make  it  neces- 
sary- to  pro\i(ie  cs|)eciall\-  good  insulation.  The  batterj"  jars  are 
liest  mouiite<i  on  glass  strips  set  on  special  porcelain  insulators.  The 
nsiial  precautions  for  roimis  where  acid  fumes  exist  should  be  taken 
in  battery  room  wiring,  and  metal  parts  must  not  be  such  as  to  be 
affected  by  (■<)rriision,  since  a  decrease  of  the  cross-section  area  of 
any  current-carrying  part  may  ultimately  reduce  the  metal  to  a 
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degree  that  will  cause  overheating  or,  in  case  of  an  actual  break,  a 
dangerous  arc. 

Transformers.  In  central  or  substations  or  in  large  power 
rooms  of  isolated  plants  or  factories,  the  chief  point  in  the  installa- 
tion of  transformers  is  the  provision  for  preventing  injury,  the  smoke 
resulting  from  burning  out  of  the  coils  or,  in  the  case  of  oil-filled 
cases,  from  the  boiling  over  of  the  oil.  These  effects  are,  of  course, 
intxluced  only  Ifrom  some  accident  to  the  apparatus  or  circuits, 
but  transformer  fires  are  peculiarly  difficult  to  fight,  and  the  oil  and 
the  insulations  on  the  windings  produce,  at  high  temperature,  large 
volumes  of  smoke  which  may  damage  goods  in  other  parts  of  the 
building  than  the  transformer  room  itself,  or  which  might  be  mis- 
taken for  a  fire  and  result  in  water  being  thrown  into  the  building 
entailing  a  heavy  "water  loss."  Transformers  should  always  be 
located  in  clean,  dry  places  with  ample  space  about  them.  Fig.  39 
shows  a  General  Electric  constant-current  arc-lighting  transformer 
with  series  rectifier  outfit  for  4-ampere  50-light  system. 

OUTSIDE  WORK 

Defects  or  failure  of  electric  light  or  power  circuits  outside  of 
buildings,  as  on  poles  or  over  the  roofs  or  walls  of  buildings,  may 
become  the  cause  of  fire  by  setting  up  abnormal  conditions  in  ap- 
pliances connected  to  them,  by  setting  fire,  either  by  overheating  or 
arcing,  to  buildings  on  which  they  are  supported,  or  especially  by 
crosses.  By  a  cross  is  meant  an  accidental  touching  by  wires  of  one 
circuit  or  line  with  those  of  another  line.  By  such  accidental  con- 
tacts lines  may  become  charged  with  a  higher  voltage  than  they  or 
their  appliances  are  suited  for.  Thus  a  cross  between  a  2,200-volt 
arc-light  wire  and  a  110-volt  house-lighting  circuit  may  cause  current 
from  the  2,200-volt  circuit  to  pass  into  one  or  more  houses  where 
it  will  perhaps  blow  fuses  with  an  explosive  action,  or  cause  very 
dangerous  arcs  as  it  passes  to  the  ground  through  some  defective 
insulation.  Fig.  40.  Similarly  it  is  very  dangerous  for  an  ordinary 
lighting  circuit  to  become  crossed  with  a  telephone  wire,  since  the 
insulation  and  carrying  capacity  of  telephone  wiring  is  not  such  as  to 
resist  the  effects  which  might  be  produced.  For  reasons  such  as  these, 
outside  wiring  has  a  definite  relation  to  fire  hazard  even  in  buildings. 
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^\'i^i^)[.  In  v<t\-  many  citiis  and  towns  insiifficient  attention 
was  pai<l  ti>  (iut>i<li-  wirinji  until  tin-  stovts  anrl  alleys  became  crowded 
witli  circiiii-i  nf  :ill  sort-.,  i-aili  put  uj)  its  wus  cheapest  or  most 
(iinvcnii-ril  sit  tliciinii-  it  \vii-.c-imstrm'twl.  Where  some  of  these  cir- 
ctiits  an-  <if  hijih  jtower  ami  liiuli   voltnRe  exceedingly  ilanj^crous 


ii>riiiitiiin>  i'xi>t.  ami  tlir  iiiiwini  may  Ik-  extended  over  large  areas 
niimti-  t'ruiii  tin-  pjaiT  wiierr  actual  failure  wiwrs,  since  the  resulting 
ai-fiilcnial  i-iirmit-  rjiay  ]i:[>-.  nver  any  of  tlic  lines  involved  to  build- 
in;:-^  :ii  i-nii-iiliTal>li-di-T:iiiii-.  Tlu- ('ll'ort>  of  fire-pnitcrtioii  ennineerd 
;ind  iri-Tiraiiri-  iiiliTf-I-  -hoiild  !«■  diircted  ttiward  the  correction 
of  fanlty  ontsidr  wirin;:  roiulilioiis.  ^vhlcli  if  neglected  are  bound  to 
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become  progressively  worse  and  constitute  a  serious  menace  to  lives 
and  property. 

Where  an  insured  property  is  clearly  jeopardized  by  outdoor 
wiring,  excellent  electrical  conditions  indoors  can  at  best  afford  only 
a  partial  safeguard,  and  fire-protection  engineering  should  apply 
itself  to  remove  the  defects  out-of-doors  as  well  as  in. 

Underground  System,  The  placing  of  electric  wires  underground, 
especially  where  low  voltage  and  signal  circuits  are  carried  in  separate 
conduit  systems,  affords  the  most  thorough  solution  of  the  hazards 
of  town  and  city  wiring.  Underground  wires  are,  of  course,  less  liable 
to  accidents  6f  weather  and  storm,  and  are,  therefore,  preferred  by 
(^lerating  companies  although  the  expense  of  putting  wires  under- 
ground often  prevents  or  postpones  a  change. 
Legislation  prescribing  a  gradual  change,  a 
certain  amount  of  wiring  being  put  under- 
ground each  year,  has  often  produced  results 
without  undue  hardship  to  electric  com- 
panies. However,  there  are  certain  well  de- 
fined precautions  and  standard  methods  for 
out^de  work  which  can  reduce  hazards  to  a 

great  extent.  Fi«.  41.     Petticoat  Insulator 

Standard  Practice.  Line  wires  should 
have  either  rubber  insulating  or  weatherproof  covering.  The 
latter  consbts  of  three  tight  cotton  braids,  each  thoroughly  im- 
pregnated with  a  waterproof  compound.  All  tie  wires,  as  at 
insulatcn^,  must  have  an  insulation  equal  to  that  of  the  wires 
they  confine.  The  insulation  of  outside  wires  on  poles  is  re- 
quired as  an  additional  protection,  but  is  not  in  any  way  de- 
pended on  for  insulation  at  the  supports.  The  use  of  bare  wires 
would  greatly  increase  the  probability  of  crosses  in  cases  of  break- 
age of  wires. 

Standard  practice  is  to  use  glass  or  porcelain  insulators  at  least 
1  foot  apart  on  pole  cross-arms  and  to  ground  all  metallic  sheaths 
of  cables.  Fig.  41  shows  a  cross-section  of  one  form  of  porcelain 
insulator.  The  "petticoats"  will  nearly  always  have  a  dry  space 
underneath  their  lower  edges,  and  even  if  not  dry,  the  length  of  the 
path  offered  to  the  current  escaping  over  the  wet  surface  is  so  great 
that  the  leakage  is  small. 
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All  joint  wires  nliaiiM  l)e  si>idered  and  carefully  insulated.  The 
joint  should  be  made  mechanically  and  electrically  secure  before 
the  solder  is  applied.  (Jowl  joints  are  requisite  to  lessen  the  chance 
of  wires  falling  as  well  as  to  prevent  arcs  on  the  wires  themselves. 

Pruximity  of  Wirei  to  Electric  Light  and  Pouer  Lines.  Probably 
the  most  common  and  also  the  most  dangerous  fault  in  outside  work 


is  the  rtiniiing  of  telephone  and  Ktlier  signal  wires  too  close  to  electric 
light  and  [rower  lines.  Wires  of  this  sort  should  ne%-er  be  on  the 
same  cniss-arms  and  it  is  much  the  l>ost  practice  wherever  possible 
to  ktH'p  telq>lioue  wires  on  poles  on  one  side  of  a  street,  and  light 
and  ()ower  wires  on  the  iitlKT,  gi\iiig  special  attention  to  the  neces- 
sary crossinp.^*,  if  any.  Tn  all  outside  pole  work  in  towns  due  regard 
should  he  niven  to  ibr  fact  tliat  line.s  consisting  of  many  wires  are 
a  serious  hindrani-e  to  firemen  in  attacking  a  fire  in  the  adjacent 
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lildings.  Fig.  42.  The  disposition  of  the  lines  should  be  such  as 
reduce  this  as  far  as  practicable;  but  placing  wires  underground  is 
e  only  complete  solution  of  this  problem. 


Km.  U.*  WsU-lii«>lled  Roof  Wirins 


Chdtide  Wire»  on  Buildings.  Where  outside  lines  are  supported 
buildings,  they  should  be  at  least  7  feet  above  the  highest  point 
flat  roofs  and  at  least  I  foot  above  the  ridge  of  pitch  roofs  over 


Fig.  4«.*  AppiDved  Fori 


lich  they  pass  and  the  roof  structures  should  be  of  the  most  sub- 
uitial  description.  Figs.  43  and  44  show  two  forms  of  roof  struc- 
re  which  hold  the  wires  high  enough  so  that  they  cannot  sag  and 
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touch  the  roof  and  so  that  they  are  not  liable  to  be  touched  or  6a- 
turbed  by  persons  walking  on  the  roofs.  Where  outside  wires  m 
brought  from  pole  lines  into  buildings  special  precaution  must  be 
taken.    Such  wires  are  spoken  of  as  service  wires  or  services. 

The  portion  of  such  wires  from  the  service  switch  in  the  building 
and  the  first  outside  support  must  be  rubber  insulated.  Every  pre- 
caution must  be  taken  to  keep  ser\'ice  wires  free  from  contact  with 
cornices,  awning-frames,  shutters  and  the  like,  under  all  conditions. 
I'sually,  for  low-voltage  dr- 
ciiits,  it  is  best  to  put  the 
wires  in  metal  conduit,  as 
shown  in  Fig.  45.  This  draw- 
ing also  shows  the  drip  loops 
which  should  always  be  i»t>- 
\-ided,  the  insulators  on  brack- 
ets secured  to  the  wall  and  the 
special  pipe-cap  on  the  top  of 
the  conduit  to  keep  rain  out 
nf  the  pipe,  ^^'here  conduit 
is  not  used,  porcelain  bushings 
may  be  used,  slanting  upward 
through  the  wall  toward  the 
inside. 

In  general  it  is  better  to 
ha\e  service  wires  enter 
through  the  basement  rather 
than  through  an  upper  story 
or  attic,  \\'here  wires  are 
carried  along  side  walls  out- 
side of  buildings,  they  should 
Ik;  supported  on  glass  or  pot^ 
cclain  insulators,  not  mure  than  1")  feet  apart.  Where  not  exposed  to 
weather,  porcelain  knobs  may  l>c  use<l  if  not  more  than  4J  feet  apart. 
Trolley  Wirex.  Trolley  wires  must  be  of  ample  size  for  mechanical 
strength  (No.  0  B.  &  S.  gauge  cci])per  or  No.  4  B.  &  S.  gauge  silicon 
Ijronze).  Protection  against  crosses  must  be  ample  and  street  rail- 
way trolleys  and  feeder  cables  must  l>e  capable  of  being  disconnected 
at  the  jiower  station  or  of  l>eing  (lividc<l  into  sections  so  that  in  case 
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of  fire  on  the  railway  route,  the  current  may  be  cut  ofT  from  the 
p&rticular  section  and  not  interfere  with  the  work  of  the  firemen. 

Electrolysis*  \Vhenever  an  electric  current  passes  between  a 
pipe  or  wire  underground  into  damp  earth  an  electro-chemical  effect 
is  produced  which  may,  under  certain  conditions,  produce  a  disin- 
tegrating effect  on  the  metal  pipe  or  wire  and  eventually  destroy  it. 
Whenever  an  electric  current  passes  through  a  conducting  liquid 
which  is  not  a  chemical  element,  the  liquid  is  decomposed.  The 
salts  and  acids  in  the  liquid  are  thus  decomposed  and  metal  plates 
by  which  the  current  is  led  into  and  out  of  the  liquid  are  also  affected. 
This  process  is  called  eledrolysisy  that  is,  breaking  up  of  chemical 
composites  by  electric  currents. 

It  is  at  once  evident  that  water  and  gas  pipes  of  iron  buried  in 
moist  earth  provide  the  necessary  combination  for  electrolytic  effects 
and  that  pipes  in  areas  traversed  by  currents  through  the  earth  may 
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woofwomo  afie 

Fig.  46.     Diagram  of  Electrolytic  Effects  of  Street  Railway  Return  Currents 

be  injured  by  such  chemical  disintegration.  In  cities  and  towns 
where  there  are  large  electric  currents  which  use  the  earth  as  a 
"return  path,"  these  effects,  if  improper  conditions  are  allowed  to 
exist,  may  become  ver>'  serious  and  have  a  bearing  on  the  fire  hazard 
chiefly  as  they  may  jeopardize  the  water  mains  and  supply  pipes  to 
an  extent  sufiicient  to  render  the  fire-fighting  facilities  unreliable  in 
emergencies.  Since  the  direction  of  alternating  currents  reverses 
many  times  each  second,  the  chemical  effects  which  they  can  produce 
are  also  reversed  and,  therefore,  in  general  alternating  currents  in  the 
earth  are  not  liable  to  produce  dangerous  electrolysis.  There  are, 
however,  direct  currents  which  usually  employ  ground  returns  and 
bv  far  the  commonest  are  the  currents  of  the  usual  overhead  trollev 
street  railways.  It  is  to  these,  therefore,  that  the  following  explana- 
tion applies.  Fig.  46  illustrates  the  way  in  which  the  current  in  a 
trolley  circuit  returns  to  the  generator.    Such  circuits  in  this  country 
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art^  almost  iiivarinhly  din'ct  currtMit  at  oO()  to  Go()  volts  and  the 
IHtsitite  suit*  of  the  dyiiaino  is  rc^^iilarly  connected  to  the  overhead 
wire.  The  current  thus  passes  out  over  the  trolley,  through  sudi 
oars  as  are  in  oi)eration  and  hack  to  the  nej^ative  side  of  the  dynamo, 
by  tlie  rails,  or  through  pi}N's,  moist  earth  or  other  conducting  sub- 
stances underground.  The  negative  side  of  the  generator  is,  (d 
course,  coniH^!te<l  to  tlie  rails  an<l  ji^round.  The  return  current  dix'ides 
acconlin^  to  the  conductivity  of  the  different  paths  afforded  it  and 
the  actual  <listril)ution  of  currents  in  the  earth  may  be  very  oom- 
plicattnl  and  is  suhjtrt  to  p*eat  variations  from  point  to  pcnnt. 
Careful  ^'electrolytic  surveys"  are  nt^-essary  in  order  to  discover 
fully  the  a<'tual  curn'ut  arrangements  existing  underground  in  any 
town  or  city. 

In  ^'ueral,  however,  it  is  imixirtant  to  notice  that  wherever 
the  current  learc^  a  pi]H^  for  the  earth,  as  at  B  in  Fig.  46,  the  ironof 
the.  pi)H'  is  carriinl  away  into  the  earth,  just  as  in  a  silver  plating 
battery,  silver  is  carried  away  from  the  silver  plate  toward  the 
article  which  is  iM'ing  plati^l.  It  is  this  action  which  is  meant  fay 
cltK'trolysis  as  the  term  is  usually  em[)loy«l  with  reference  to  under- 
ground piiK's  and  earth  currents  and  the  result,  as  has  been  stated. 
may  Ik»  a  (h*st ruction  of  the  pijH*  at  one  or  at  many  |K)ints. 

For  the  dimimition  of  su(*h  electrolytic  c*orrosion  every  means 
should  Ih»  taken  to  afford  a  low-resistancr  path  for  the  return  circuit. 
This  is  also  of  advantage  from  the  view]M)int  of  economical  opera- 
tion siniv  it  takes  power  io  drive  the  current  through  a  high-resistance. 
n»turn  path,  l^irge  ctipjHT  ((UKiuctors  are  often  laid  between  the 
rails  and  parallel  t«»  them,  frtHpHMit  heavy  cross  win*s  being  used  to 
connect  this  copiHT  cahle  to  the  rails.  (icmhI  iMmds  I)etween  raib 
either  of  low-rt»sistan(r  tie  plates,  or  still  Intter  of  electric  welds 
betwetMi  rail  ends,  are  of  great  value. 

The  general  arrangement  and  size  of  return  ^^ires  and  rail 
should  Ik»  such  that  the  diffenMut*  of  ]M)tential  in  volts  between  the 
grounded  terminal  of  the  generator  and  any  iM>int  on  the  return  cir- 
cuit will  not  he  more  than  L*.")  v<)lts. 

Where  pipts  or  other  underground  metal  work  are  found  to  be 
electrically  positive*  to  the  rails  or  surrounding  earth,  that  is,  so 
that  current  tends  Xo  flow  fnnn  the  /y//w'.v  to  ihe  rails  or  earth,  special 
conductors  shouhl  he  provided  to  connect  the  pipes  to  the  rails  tO 
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cany  such  currents  and  thus  piev«nt,  as  far  as  possible,  the  effects  of 
electrolysb.  Very  elaborate  investigations  of  electrolysis  as  affecting 
water  mains,  gas  pipes  and  other  underground  metal  have  been  made 
in  many  cities  and  the  co-operation  of  city  authorities,  water  com- 
panies, and  electric  power  and  railway  companies,  has  in  many  places 
resulted  in  greatly  lessening,  if  not  in  entirely  removing,  tlie  dangers 
from  thb  cause.  Surveys  should  be  repeated  occasionally  since 
new  electric  circuits  or  new  pipe  lines  may  create  an  altered  condi- 
tion in  underground  distribution  of  currents. 

H^  Tension  Lines.  In  recent  years  there  has,  in  iDost  parts 
of  the  country,  been  a  very  great  increase  in  the  number  of  high- 
tension  power-transmission  lines  and  the  voltages  have  also  become 
much  higher.    Overhead  lines  of  this  class  present  cert^n  problems 


Fii.  M*  CroHOvei  Amncenunt  tat  Higb-Tt 


requiring  very  careful  attention.     The  Code  states  the  following 
causes  of  fire  which  may  come  from  high-voltage  (over  5,000)  lines: 

Accideotol  CKMses  between  such  tines  and  low-potential  lines  may  allow 
the  high-ToltoKe  current  to  ent«r  buildings  over  a  large  section  of  adjoining 
country.  Moreover,  such  high-voltage  linea,  if  carried  cloae  to  buildings, 
hamper  the  work  of  firemen  in  case  of  fire  in  the  building.  The  object  of  the 
niles  is  so  to  direct  this  class  of  construction  that  no  increase  in  fire  haianl 
will  result,  while  at  the  same  time  care  has  been  taken  to  avoi<l  restrictions 
wluch  would  unreasonably  impede  progress  in  electrical  development. 

It  is  fully  understood  that  it  is  impossible  to  frame  rules  which  will 
cover  «ll  conceivable  cases  that  may  arise  in  construrlion  work  of  such  an 
extended  and  varied  nature,  and  it  is  advised  that  the  Inspection  Depart- 
ment having  jurisdiction  be  freely  consulted  us  to  any  modification  of  the 
rules  in  psrticutar  cases. 
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The  verj-  best  way  to  guard  against  accidental  crosses  between 
high-tension  lines  and  other  circuits  is  to  have  them  foUow  different 
routes.  This  can  often  be  ac- 
complished by  mutual  agree- 
ment of  the  parties  interested 
e^'en  when  a  change  in  one 
of  the  routes  will  be  neces- 
sitated. 

High-tension  lines  should 
not  approach  other  pole  lines 
nearer  than  a  distance  equal 
to  the  height  of  the  taller 
pole  and  such  lines  should 
not  be  on  the  same  poles 
nith  any  other  lines  except 
'  such  signal  lines  as  may  be 
used  by  the  company  opera- 
Giard.^  "      ting  the  high-tension  sj-stCTL 

Where  such  lines  must  necessarQy  be  carried  nearer  to  other  pole 
lines  than  is  specified  abo^'e,  or  where  they  must  necessarily  be  carried 
on  the  same  poles  with  other  wires,  extra  precautions  to  reduce  the 
liability  of  a  breakdown  to  a  minimum  must  be  taken,  such  as  the 
use  of  wires  of  ample  mechani- 
cal strength,  widely  spac<'<I 
cross-arms,  short  spans,  double 
or  extra  heavj'  cross-arms,  extra 
heavy  pins,  insulators,  and  poles 
thoroughly  supported.  If  car- 
ried on  the  same  poles  with  other 
wires,  the  high -pressure  wires 
should  Ixf  carried  at  least  3 
feet  almve  the  other  wires,  but 
this  arrangement  should  never 
be  adopted  unless  it  is  impos- 
sible to  do  otherwise.  Where 
such  lines  crmii  other  lines,  tlie  poles  of  both  lines  must  be  of  heavy 
and  substantial  constnietion. 

The  Code  <-ontain*i  quite  detailed  specifications  for  the  safe 
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construction  of  crossovers  and  other  detaib  of  high  voltage  lines 
which  should  be  carefully  studied  and  followed. 

fig.  47  shows  one  arrangement  for  a  crossover.  A  joint-^h 
CTotting  may  sometimes  be  used  and  Fig.  48  shows  such  a  crossing 
with  mechanical  guards  and  wires  on  the  upper  or  high-tension  line 
cross-arms.  Sometimes  a  screen  either  supported  on  high-tension 
insulators  or  grounded  may  be  suspended  between  the  lines  at  the 
crossover  as  illustrated  in  Fig.  49.  When  necessary  to  carry  high- 
tension  lines  near  buildings  they  should  be  at  such  height  and  dis- 
tance from  the  building  as  not  to  interfere  with  firemen  in  event  of  a 
fire.  Such  interference  might  arise  eitha  from  the  difficulty  of  plac- 
ing ladders  or  ^m  the  danger 
of  shocKs  to  firemen  holding 
bose  nozzles,  streams  from  which 
might  strike  the  high-tension 
lines. 

Mounting  of  Transformers. 
(Ml-cooled  transformers  should 
not,  in  general,  be  installed  in 
buikUngs,  and  an  outside  location 
is  always  preferable;  first,  be- 
cause it  keeps  the  high-voltage  I 
primary  wires  entirely  out  of  the 
building;  and  teamd,  because  of 
the  possible  injury  from  smoke 
and-  oil  in  case  the  transformer 
bums  out  or  is  overloaded.  Figs.  50,  51,  and  52  show  transformers 
installed  on  a  pole,  on  the  outside  wall  of  a  mill  and  in  a  special  fire- 
proctf  vault,  respectively. 

Qrouiiding  of  Circuits.  One  of  two  courses  should  always  be 
followed  with  regard  to  anj-  electrical  connection  between  circuits 
or  apparatus  and  the  earth ;  either  arrange  to  have  no  such  connection 
at  all,  and  secure  good  insulation  between  live  parts  uf  circuits  and 
the  earth,  or  provide  a  good  earth  connection  of  sufficient  capacity 
well  installed  to  care  for  anj-  current  liable  to  pass  to  earth,  either 
regularly  or  in  case  of  accident. 

In  general  it  should  be  remembered,  that  if  an  entire  electric 
circuit  including  the  generator,  lines,  and  all  connected  apparatus 
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and  devices  are  thoFougUy  well  insulated  from  the  ground,  one 
accidental  ground  will  produce  no  effect  since  there  is  no  retuni 
path  from  the  ground  to  another  point  on  the  system.  However, 
we  cannot  be  sure  that  an  instalhition  will  be  kept  free  from  grounds 
even  if  originally  so  installed,  since  wear,  deterioration  of  in<;Mlftti"g 
nmterials,  breaking  of  parts  of  devices,  or  the  effects  of  dirt  and 

damp  may  bring  on  a  "ground" 

which  will  not  be  discovered 
until  a  second  ground  connection 
is  established  which  permits  cur- 
rent to  flow  nith  consequent 
heating  and  arcing.  Under  such 
conditions,  the  fault  is  liable  to 
become  rapidly  worse.  Not  the 
least  important  thing  about  such 
failures  of  electrical  drcuits,  is 
the  danger  of  injury  to  persons 
who  may  become  a  part  of  the 
ground  circuit.  Thus  a  mechanic 
working  on  a  line  shaft  in  a  mill, 
by  touching  simultaneously  a  live 
part  of  the  circuit  or  a  poorly 
insulated  live  wire  and  the  shaft- 
ing, may  make  his  body  part  of 
a  path  for  the  current  to  ground. 
WTiile  110  volts  or  220  volts 
either  a.  c.  or  d.  c.  are  rarely 
enough  to  kill  a  person,  painful 
OB  ouiside  of  BuiJdiDi  accldcnts  may  be  caused  cUrectly 

or  indirectly  by  shock,  and  voltages  of  440,  500,  or  higher  may 
readily  be  the  cause  of  death  if  the  conditions  are  such  as  to  permit 
any  but  very  small  currents  to  pass  through  the  body.  While,  of 
course,  liability  of  injury  to  persons  is  not  a  "fire  hazard,"  still 
goiid  coil  struct  ion  should  iin)\'ide  (both  in  ori^nal  iostalladon 
and  in  upkeep)  all  reasonable  protection,  to  persons  and  property. 
In  direct -current  three-wire  s\'stems  of  electrical  distribution, 
the  middle  or  neutral  wire  is  regularly'  grounded  at  the  central  station. 
In  systems  where  the  cables  are  underground,  the  neutral  must  also 
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be  grounded  at  each  distributing  box,  through  the  box;  and  in  over- 
head s^'stems  the  neutral  should  be  grounded  every  500  feet.  The 
neutral  in  such  systems  b  supposed,  normally,  to  carry  either  no 
current,  or  such  small  amount  of  current  as  may  result  from  a  dif- 
ferent amount  of  power  being  temporarily  taken  from  the  two  outside 
wires.  If  in  any  system  the  neutral  is  grounded  at  all,  it  should  be 
done  thoroughly  so  as  to  prevent  the  current  escaping  to  ground 
where  the  connections  may  be  so  poor  as  to  cause  unsafe  heating. 

Two-wire  direct-current  systems  are  not  to  be  grounded  at  all. 
Suppose  in  Kg.  53  some  current-carrying  part  of  the  dynamo  D  is 
grounded,  that  is,  in  electrical 
connection  with  the  earth,  as 
through  the  bolt  and  the  damp 
wood  base  of  the  machine.  If 
this  be  all,  no  current  will  flow 
90  long  as  there  is  no  other 
ground  connection  to  any  other 
part  of  the  circuit.  But  suppose 
that  somewhere  in  the  building  a 
wire  touches  a  gas  pipe  as  at  fi 
and  the  insulation  on  the  wire  at 
B  is  worn  by  vibration  or  b  de- 
fective tor  any  reason.  The  gas 
pipe  b,  of  course,  connected  to  the 
earth  and  the  current  then  has  a 
path  through  the  pipe,  earth, 
bolt,  base,  and  frame  of  the  ma- 
cbine.  The  whole  voltage  of  the  dynamo  may,  therefore,  drive  current 
tbrough  thb  path,  causing  an  arc  to  form  at  B  between  the  wire 
and  the  pipe  which  will  burn  a  hole  in  the  pipe  and  set  fire  to  the 
escaping  gas.  Evidently  the  greatest  pains  should  be  taken  to  prevent 
wires  from  coming  in  contact  with  grounded  piping  or  other  metal. 

Alternating-current  systems  almost  invariably  include  trans- 
f<Miners  in  which  the  higher  line  voltage  is  "stepped  down"  to  the 
voltage  required  for  lamps  and  motors.  Common  line  voltages  are 
1,100,  2,200,  and  3,300  volts,  while  the  secondary  voltages  may  be 
100,  110,  220,  440  or  550.  With  such  systems  as  are  commonly  used 
for  distributing  light  and  power,  it  is  preferable  to  ground  the  sec- 
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ondary  or  low-voltage  side.  The  ground  connection  may  be  made 
either  at  the  transformers  or  at  individual  service  entrances.  At 
transformers  the  connection  is  made  at  the  neutral  or  middle  point 
of  the  secondarj'  winding  or  coil.  With  three-wire  a.  c.  distributing 
systems  the  neutral  wire  itself  is  grounded.  Sometimes,  when  a 
neutral  point  is  not  accessible,  one  side  of  the  secondary  circuit  may 
be  grounded,  provided  it  will  not  establish,  between  the  ungrounded 
side  and  the  earth,  a  difference  of  potential  of  over  250  volts.  A 
greater  potential  difference  than  this  would  cause  all  insulators  on 
the  system  to  be  subjected  to  undue  strain  and  perhaps  cause  trouble. 

It  should  be  remembered 
that  a  poorly  made  earth  con- 
nection may  be  worse  than  none. 
The  rules,  therefore,  prescribe  in 
detail  how  to  secure  good  con- 
nections. The  wire  should  be  of 
large  size  and  should  be  run  in 
as  nearly  a  straight  line  as  pos- 
sible, avoiding  kinks,  coils,  and 
sharp  l)eiids  which  are  objection- 
able since  they  impede  the  flow 
of  alternating-current  or  light- 
ning discharge. 

Individual  transformers  and 
building  ser\nces  may  be  ground- 
tni  to  water  pipes  by  carr>ing 
the  ground  ^ire  into  the  base- 
ment and  connecting  it  to  the 
street  side  of  meters,  main  cocLs,  etc.,  so  that  any  resistance  which 
these  might  offer  in  the  ground  path  might  be  avoided. 

The  underwTiters'  rules  give  the  following  directions  for  making 
ground  connections: 

In  connect inf^  a  ground  wire  to  a  piping  system,  the  wire  should  be 
sweat  into  a  lug  attachwl  to  an  approved  clamp,  and  the  clamp  firmly  bolted 
to  the  water  pipe  after  all  rust  and  scale  have  been  removed;  or  be  soldered 
into  a  hrasa  plug  and  the  plug  forcibly  screwed  into  a  pipe-fitting,  or  where 
the  pipes  are  cast  iron,  into  a  hole  tappinl  into  the  pipe  itself.  For  large  stations, 
where  conncM-ting  to  underground  pip(»s  with  bell  and  spigot  joints,  it  is  well 
to  connect  to  several  lengtlis,  as  the  pipe  joints  may  be  of  rather  high  resistance. 


Fi((.  oA.      Faulty  Installation  of  Two- Win* 
Dirfct-Curront  Dynamo 
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Where  ground  plates  are  used  a  No.  16  Stubbs'  gauge  copper  plate,  about 
3X6  feet  in  sise,  with  about  2  feet  of  crushed  coke  or  charcoal,  of  pea  size, 
both  under  and  over  it,  would  make  a  ground  of  sufficient  capacity  for  a  moder- 
ate-sixed  station,  and  would  probably  answer  for  the  ordinary  substation  or 
bank  of  transformers.  For  a  large  central  station,  a  plate  with  considerably 
more  area  might  be  necessary,  depending  upon  the  other  underground  con- 
nections available.  The  ground  wire  should  be  riveted  to  the  plate  in  a  num- 
ber of  places,  and  soldered  for  its  whole  length.  Perhaps  even  better  than  a 
copper  plate  is  a  cast-iron  plate  with  projecting  forks,  the  idea  of  the  fork 
being  to  distribute  the  connection  to  the  ground  over  a  fairly  broad  area,  and 
to  give  a  large  surface  contact.  The  ground  wire  can  probably  best  be  con- 
nected to  such  a  cast-iron  plate  by  soldering  it  into  brass  plugs  screwed  into 
holes  tapped  in  the  plate.  In  all  cases,  the  joint  between  the  plate  and  the 
ground  wire  should  be  thoroughly  protected  against  corrosion  by  painting  it 
with  waterproof  paint  or  some  equivalent. 

• 

In  the  past  few  years,  there  has  been  much  discussion  of  this 
question  of  grounding,  but  the  general  tendency  is  no  doubt  more 
and  more  in  favor  of  grounding  all  circuits  where  so  doing  will 
protect  life  and  will  not  introduce  extremely  hazardous  conditions  as 
regards  fire.  The  following  statement  of  arguments  for  and  against 
grounding  is  taken  from  the  explanatory  notes  of  the  Associated 
Factory  Mutual  Fire  Insurance  Companies: 

If  the  primary  and  secondary  coils  of  a  transformer  come  into  contact 
electrically,  the  high-voltage  primary  current  may  flow  to  the  secondary 
system.  If  this  should  happen,  the  life  of  any  one  handling  any  part  of  the 
secondary  system  would  be  endangered,  and  fires  would  probably  be  started 
by  arcs  caused  by  breaking  down  of  the  insulation  of  the  wires  or  fittings  on 
the  secondary  system.  If,  however,  the  secondary  coil  is  grounded,  a  break- 
down in  the  transformer  cannot  cause  a  dangerous  difference  of  potential  be- 
tween the  secondary  system  and  the  ground,  and  only  with  certain  unusual 
combinations  of  contacts  between  the  primary  and  secondary  wires  outside 
of  the  transformers  will  this  protection  fail  to  prevent  the  voltage  of  the  sec- 
ondary system  from  being  raised  above  its  normal  limit.  In  order  to  secure 
the  full  benefit  of  the  ground  connection,  reliable  primary  fuses  of  proper 
carrying  capacity  must  be  provided. 

The  middle  of  the  secondary  coil  is  the  proper  point  to  ground,  as  there 
is  then  only  half  the  normal  secondary  voltage  between  cither  side  and  the 
ground,  thus  reducing  the  liability  of  a  breakdown  of  insulation  and  also 
materially  lessening  the  danger  of  fire  if  a  breakdown  does  occur. 

There  is  an  objection  to  grounding  the  secondary  on  the  other  hand, 
for  when  this  is  done,  the  first  breakdown  of  insulation  may  mean  a  short- 
circuit  and  a  possible  fire.  With  a  system  free  from  grounds,  a  breakdown 
must  exist  on  each  side  of  the  system  to  cause  a  short-circuit,  and  with  proper 
ground  detectors  the  first  can  generally  be  discovered  and  remedied  before 
the  second  occurs. 

Grounding  is,  therefore,  a  choice  of  evils,  but  in  many  cases  it  is  believed 
to  be  a  lesser  one  than  to  risk  getting  the  primary  current  on  the  secondary 
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nystnn.  Thia  ia  (■iiprriHlly  true  whnv  th«  primary  voltage  is  high,  esy  3,500 
ur  over.  For  tbia  nanon  it  is  ailvb^  that  all  iranFformCTB  be  so  designed  wid 
runurcttyj  that  the  midiilp  poini  uf  the  seoondan-  coil  can  be  reached  if,  at 
any  futuri-  time,  ii  should  be  dpriiml  to  ftround  it. 

After  the  trftn^fiirnier  serimdury  has  been  properly  grouoded  &  test 
should  be  luiule,  eiijierially  it  tlie  trannriirmer  is  winie  distance  from  the  build- 
iiiR  0upplie<l.  in  onler  tu  iletertnine  if  the  protcrtion  experted  from  the  ground 
connection  at  the  truniififrnier  i*  really  effective  ini<idp  the  building  in  ques- 
tioo,  and  if  not  the  eonneetion  nhould  be  extended  to  arcomplish  the  desired 
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result ,  Ciisfs  liinc  bit-n  known  when'  the  <'ITcclivrnc»s  of  a  ground  ronnettlOD 
hiis  bi'en  lidiiiiij  to  a  oouiparal ivdy  sniiiU  area,  due  to  the  exact  eonditiooa 
cif  ilic  farili  in  the  neinlilmrliiKxl  of  the  Broun<l  plate  and  between  it  and  the 
point  where  ilii'  protection  due  to  the  (Ef'>un<li''g  was  desired.  The  entire 
ftround  eonneoliun  .should  be  can-fulty  examined  at  least  once  a  year. 

INSIDE  WORK 

I'ntliT  tills  h<-u(]iti>;  are  iiKliidrd  tht;  rules  for  wiring  and  ap- 
pliuiurs  fiir  liftlit,  liciit.  uiui  powi-r  distriliution  and  use.  These  wvfS 
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the  most  general  cases  of  electrical  installations  as  they  relate  to  fire 
prevention  and  protection  in  buildings  of  all  classes.  The  installa- 
tion of  ^ires  and  apparatus  for  signaling  systems,  such  as  electric 
bells  (batter>'  current  bells),  telegraphs,  telephones,  fire  alarms,  and 
the  like,  is  not  covered  in  the  general  rules  for  "Inside  Work"  since 
they  usually  present  no  hazard  in  themselves  but  only  as  they  may 
become  dangerous  because  of  their  liability  to  become  crossed  with 
light,  heaty  or  power  wires  either  outside  or  inside  of  buildings, 

Fig.  54. 

WIRING  SYSTEMS 

The  present  approved  methods  of  electrical  work  inside  build- 
ings in  this  country  have  been  developed  through  many  years  of 
experience,  beginning  with  the  first  applications  of  electricity  for 
lighting  buildings  and  gradually  changing  as  the  possible  dangers 
became  more  generally  recognized,  and  as  improved  means  of  guard- 
ing against  them  were  devised.  In  this  development  the  efforts  of 
insurance  and  municipal  authorities  have  been  supplemented  by 
an  inunense  activity  on  the  part  of  inventors  and  manufacturers  in 
supplving  new  devices  and  materials.  The  net  result  has  been  on 
the  one  hand  an  elaboration  of  rules  and  an  approach  to  a  few  stand- 
ard systems  of  construction  and  on  the  other  hand  the  production  of 
an  almost  endless  variety  of  materials  available  for  electrical  pur- 
poses. Methods  and  materials  which  at  first  seemed  adequate  have 
become  obsolete  after  a  few  years*  use.  At  present,  however,  few 
important  changes  appear  to  be  in  progress  but  in  many  minor 
details  the  development  is  still  going  on. 

At  first,  electric  wires  were  laid  as  seemed  most  convenient  in 
floors,  partitions,  and  over  walls  and  ceilings,  either  in  channels  cut 
for  them,  in  wood  casings,  or  supported  on  wood  cleats  with 
almost  no  regard  to  protecting  the  wires  from  injury,  or  the 
adjacent  combustible  materials  from  being  ignited  by  overheated 
wires  or  by  arcs.  Today,  however,  these  earlier  crude  methods 
are  wholly  abandoned  and  it  is  generally  conceded  that  the  best 
protection  against  electrical  fires  Ues  in  the  adoption  of  the  most 
approved  methods  even  when  the  first  cost  of  an  installation  is 
increased  to  some  extent.  Fig.  55  shows  some  defective  vdre  joints 
as  found  in  actual  use. 

In  buildings  of  the  better  class,  the  electric  installation  is  care- 
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fully  considered  in  the  ])lans,  and  provision  is  made  for  its  safety 
as  well  as  for  its  effii-ienoy  and  economy.  However,  in  cheaper 
building,  and  very  often  in  small  Htores,  apartments,  and  residences, 
the  electrical  work  is  left  to  l)C  arranfce<l  as  best  it  may  and  to  be 
installed   by   careless   workmen    witlumt   expert   super\'ision.      Id 


electrical  nmtters  as  in  most  ntber  affairs,  cheap  work  is  generally 
I)i«>r  ttiirk,  Jimi  (loviatiini  froTii  the  mcthiMls  shown  by  experience  to 
Ik'.  reliahle  are  usuall\'  pnnnpted  by  a  desire  to  save  money  at  the 
fxpt'iise  of  sjifety  and  jHTmaiiein^. 

The  nietliiMi  of  briiiKiTiK  sitpiily  ()r  "service"  wires  into  buildings 
naturally  demands  first  atti'iilimi.  Where  street  mains  are  under- 
ground the  lines  should,  wlieruver  jxjssible,  enter  through  the  base- 


UNDERWRITERS'  REQUIREMENTS  61 

ment  or  cellar  walb,  the  lead-covered  cables  being  carried  through 
the  foundations  through  tubes  tightly  sealed. 

Where  mains  are  overhead,  the  supply  wires  may  enter  either 
through  the  basement,  being  carried  down  the  outside  of  the  wall 
in  iron  conduit,  or  through  some  upper  portion  of  the  wall,  though 
the  former  entrance  is  almost  always  preferable.  Where  transformers 
are  used  they  may  be  on  poles  near  the  building  or  mounted  on  the 
outnde  waU  in  a  substantial  manner.  An  entrance  through  a  roof, 
new  a  cmuce  or  into  little  used  or  inaccessible  attics  or  lofts,  should 
be  av<nded.  Where  wires  or  cables  pass  through  the  outside  walls 
there  must  be  either  iron  conduit  or  insulating  bushings  sloping 
upward  toward  the  inside,  and  the  wires  outside  must  have  drip 
loops  whicb  will  prevent  moisture  following  along  them  into  the  wall. 
Ilw  fastenings  of  the  wires  to  the 
building  must  be  most  substantial 
and  good  insulators  must  be  provided 
fcHT  the  supply  wires.  Fig.  56  shows 
the  method  where  bushings  are  em- 
I^oyed.     If  the  entrance    is    made 

through  conduit,  the  inner  end  of  the  

conduit  f^ould  always  be  extended  to        \/*S^  i 

the  service  fuses.     At   the   nearest  ^       " 

.  ■      iU      L    -I  J-  .         Fi,.  56.'  Method  of  Using  Bmhin.™ 

accessible  place  m  the  building  must 

be  placed  what  are  called  the  service  fuses  and  the  service  switch. 
Tlie  switch  is  usually  of  the  knife-blade  pattern  and  must  be  such 
as  to  cut  off  all  the  wires.  Single-pole  switches  must  ne\'er  be  used 
as  service  switches.  The  purpose  of  service  switches  is  to  provide 
means  for  cutting  off  current  for  repairs  or  in  case  of  fire  or  other 
accident.  TTie  service  fuses  should  be  placed  between  the  service 
switch  and  the  mains  to  the  outside  of  the  building.  Their  purpose 
b  to  protect  all  the  wires  inside  the  building  from  overloads,  and 
they  should  be  such  as  to  melt  or  "blow"  with  current  not  much 
in  excess  of  the  normal  full  current  likely  to  be  taken  by  the  entire 
installation  which  the  semce  supplies. 

Ser^'ice  switches  and  fuses  take  many  forins,  from  a  pair  of 
small  "plug  fuses"  and  knife  switch  on  a  porcelain  base  to  quite 
elaborate  switchboards  which  carry  both  these  and  ()ther  sub-fuses 
for  the  main  circuits  within  the  building.    The  same  principle,  how- 
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ever,  applies  to  all;  all  wires  must  be  {Ht>tected,  the  service  entnnce 
must  be  accessible  and  fuses  must  be  of  proper  capadty.  From  the 
ser^'ice  snitch  the  lines  usually  extend  through  meters  to  distribution 
center?  which  are  panels  from  which  the  several  sub-circuits  branch 
off  to  lamps  or  motors  throuf^h  the  building.  Fig.  57  shows  such  a 
center.  There  may  be  only  one  such  center  in  a  small  installatioB, 
or  in  a  larger  one  there  may  be  a  main  distributing  panel  and  quukt- 
ous  smaller  ones  at  various  places  in  the  risk. 

General  Rules  on  Wires.    Size.    Xo  wire  smaller  than  No.  14 
B.  &  S.  ^uge  is  allowed  (except  in  fixtures  and  for  pendant  or  flexi- 
ble cord)  since  no  smaller  size  has  both  the  conductivity  and  also  suf- 
ficient mechanical  strength  to  stand  the  strains  of  installation  and  use. 
Joittit    imd    Spliexi. 
All  joints   and  splices 
must    be    made    both 
mechamcally  and  elec- 
trically secure  and  tlien 
be  aoldend  except  when 
one  of  the  very  few  ap- 
proved splicing  devices 
is    used.     For  general 
wiring,  the  underwriters 
have  never  found  anj- 
equivalent  for  jooff  sold- 
ered joints  when  all  the 
possible  effects  of  cor- 
~       '  rosion,  alternate  heat- 

ing  and  coolmg,  vibra- 
tion, and  nit'i'lianical  strains  arc  considered.  The  neatness  and 
thoroughness  of  the  soldered  joints  are  two  of  the  best  general  in- 
dications of  the  excellence  of  tlie  workmanship  on  any  job.  After 
being  soldertMl  win-  jdiiits  must  be  cu^'e^cd  with  an  insulation  equal 
to  that  ut  utlier  places  on  the  eonductors.  This  b  usually  done  by 
windinp  the  juiiits  with  a  r««m1  pure  rubber  tape  over  which  is  wound 
a  "fnction  tajHr"  of  fabric  impregnated  with  a  compound. 

Wires  in  fVall.f.  FUxtrn,  etc.  Wires  must  always  be  separate*^ 
from  walls,  fltMirs,  tinil)ers,  and  jiartitions  by  non-combustible,  non. 
absorptive,  insulating  tubes  such  as  glass  or  porcelain  and  must  be 
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kept  free  from  all  contacts  with  pipes  or  any  conducting  material. 
This  general  rule  is  established  without  any  reference  to  the  insula- 
tioD  whidi  is  on  the  wires  themselves,  the  idea  being  that  the  insula- 
tion of  the  conductors  from  each  other  and  from  other  conducting 
materials  must  be  sufficient  to  furnish  the  necessary  protection  in 
case  the  wire  coverings  are  defective  or  become  injured  in  any  way. 
TTiis  principle  does  not,  however,  prevent  the  wires  being  drawn  into 
metal  conduits  which  are  specially  designed  as  wire  raceways,  nor 
can  it  apply  to  fixtures  in  which  the  wires  must  be  in  the  metal  stems 


and  arms.  'For  such  cases  special  rules  are  established.  Fig.  58 
shows  a  good  example  of  overhead  wiring  in  which  an  iron  pipe  may 
be  seen  protecting  wires  up  the  post,  while  the  wires  on  ceiling  and 
around  beams  are  very  well  arranged  and  supported. 

In  damp  or  wet  places,  the  relative  arrangement  of  pipes  and 
wires  should  be  such  that  the  n-ires  cannot  touch  the  pipes  and  so 
that  water  cannot  drop  from  the  pipes  on  the  wires.  The  subject  of 
electrical  work  in  damp  places  n-ill  be  considered  in  another  place. 

Carrying  Capacity.  The  Code  prescribes  the  maximum  cur- 
rent which  shall  be  carried  on  copper  wires  of  different  sizes. 
Hiis  table  of  carrying  capacities  has  been  unchanged  for  many  years 
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and  was  orij^nally  based  upon  an  elaborate  series  of  careful  experi- 
ments. Table  III  gives  the  capacity  for  rubber-covered  wires, 
and  for  all  types  of  wire  insulation  such  as  slow-burning  and 
weatherproof  braids. 

The  table  for  rubber-covered  vnres  is  lower  than  the  other  be^ 
cause  high  temperatures  such  as  might  result  from  a  wire  carrying 
too  much  current  have  a  harmful  effect  on  the  insulating  properties  of 
rubber.  The  table  is  for  indoor  work  only.  It  is  stated  that  for  any 
given  size  of  wire,  a  current  about  three  times  as  great  as  that  given 
in  Table  III  will  cause  all  ordinary  insulations  to  smoke.  The  table 
does  not  consider  the  question  of  drop  as  it  is  called.  Thus  in  Fig. 
59,  suppose  Z>  is  a  dynamo  supplying  current  to  3/,  a  motor  250  feet 
away  from  it,  and  suppose  the  motor  requires  90  amperes  at  220  volts. 
From  Table  III  it  is  seen  that  No.  2  wire  could  be  used.  But 
some  power  is  lost  in  driving  the  current  through  the  500  feet  of 
line  wire  and,  if  the  wire  is  small,  its  resistance  \i411  be  large  and  so 
more  power  will  be  "lost  on  the  line  \iires."      The   part   of  the 

dynamo  voltage  required  to 
drive  the  working  current  over 
the  supply  wires  is  called  the 
**drop."  Suppose  it  is  pre- 
scribed that  the  drop  shall  not 
be  over  1  per  cent  of  the  total 
voltage.  One  per  cent  of  220 
volts  is  2.2  volts.  The  current  in  the  line  equals  the  voltage  to  force 
the  current  over  the  line  divided  bv  the  ohms  resistance  of  the  line. 

2.2 
In  this  case  90  =       . ,  or  resistance  of  the  500  feet  of  wire 

resistance 

">  2 
must  not  be  more  than        ohms  or  .024  ohms.     From  a  suitable  wire 

table  it  will  he  found  that  a  No.  (XXX)  wire  will  be  required.  Thus 
the  necessity  of  keeping  the  loss  of  power  low  on  the  line  may  neces- 
sitate the  use  of  a  larger  wire  than  would  be  needed  for  safety  imd» 
the  underwriters'  rules. 

Constant-Current  Systems.  The  nature  of  these  has  already 
been  ex[)laine(l  on  page  lo.  Such  systems  are  used  nowadays  almost 
exclusively  for  street  lighting  with  arc  lamps  and  the  voltage  runs 
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Fig.  59.     Simple  Electric  Power  Circuit 
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TABLE  III 


Carrying  Capacity  of  Wires* 


i  RuBBBR  Insulation 

Othch  Insulations 

B.  A  S.  G. 

Amperes 

Amperes 

Circular  Mils 

18 

i        3 

5 

1,624 

16 

6 

8 

2,583 

14 

12 

16 

4,107 

12 

17 

23 

6,530 

10 

24 

32 

10,380 

8 

33 

46 

16,510 

6 

46 

65 

26,250 

5 

54 

77 

33,100 

4 

65 

92      . 

41,740 

3 

76 

110 

52,630 

2 

90 

131 

66,370 

1 

107 

156 

83,690 

0 

127 

185 

105,500 

00 

150 

220 

133,100 

000 

177 

262 

167,800 

0000 

210 

312 

211,600 

'        Circular  Mils 

i            200,000 

200 

300 

300,000 

270 

400 

1 

400,000 

330 

500 

500,000 

390 

590 

600,000 

450 

680 

700,000 

500 

760 

800,000 

550 

840 

900,000 

600 

920 

1,000,000 

650 

1,000 

1,100,000 

690 

1,080 

1,200,000 

730 

1,150 

1,300,000 

770 

1,220 

1,400,000 

810 

1,290 

1.500,000 

850 

1.360 

1,600,000 

890 

1,430 

1.700,000 

930 

1,490 

1,800,000 

970 

1,550 

1,900,000 

1,010 

1,610 

2,000,000 

1,050 

1,670 

*The  carrying  capacity  of  Nos.  16  and  IK  B.  A  S.  gauge  wiro  is  given,  but  no  Mznallrr 
than  No.  14  is  to  be  used,  except  ss  allowed  under  rules  for  fixture  wiring. 
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from  2,000  to  3,300  volts.  The  arc  lamps  on  such  circuits  are  arranged 
so  that  each  line  has  enough  lamps  in  series  to  use  the  available 
dynamo  or  transformer  voltage  allowing  the  necessary  margin  tor 
regulation. 

The  high  voltages  generally  employed,  call  for  the  very  best 
insulation  and  only  rubber-covered  wire  should  be  used;  all  wires  in 
buildings  must  be  in  plain  sight  and  never  encased.  The  brinj^ng 
of  such  circuits  into  buildings  is  not  ver>'  general  and  arc  lamps 
designed  to  be  connected  in  multiple  on  ordinary  low-voltage  circuits 
are  much  to  be  preferred. 

There  are  special  rules  for  series  arc-lamp  wiring  in  buildings 
which  cover  the  method  of  bringing  supply  wires  through  the  walls, 
provision  for  a  special  form  of  switch  at  points  where  the  lines  enter 
and  leave  the  building,  requirement  for  1  inch  separation  between 
wires  and  the  surfaces  over  which  they  pass  and  8  inches  from  each 
other  and  extra  protection  of  all  wires  by  running  boards  or  guard 
strips.     The  service  switch  required  on  constant-current  systems 
must  be  a  double-contact  switch,  that  is,  it  must  be  so  arranged  as  to 
first  place  a  cross  connection  or  short-circuit  on  the  lines  into  the 
building  and  then  disconnect  these  lines  from  the  supply  altogether. 
This  leaves  the  circuit  unbroken,  but  cut  out  of  the  building.    An 
attempt  to  actually  break  the  circuit  would  be  sure  to  cause  a  very 
(Instructive  arc.    Series  arc  lamps  must  be  carefully  isolated  from  all 
inflammable  stuff  and  unless  they  are  of  the  "enclosed  arc"  tJTe 
must  be  provided  with  screens  and  nets  to  prevent  the  escape  of 
sparks  from  the  carbon  or  melted  copper.    All  connections  must  be 
made  in  a  most  reliable  manner  and  in  all  series  arc  work  it  must  be 
remembered  that  the  voltage  across  any  break  in  the  circuit  is  ver}' 
high  and  will  cause  very  severe  arcing. 

Incandescent  lamps  are  not  generally  connected  to  series 
circuits  since  their  use  involves  an  automatic  cut-out  at  each  lamp 
which  will  shunt  the  current  around  the  lamp  in  case  the  lamp  be- 
comes loose  or  its  filament  breaks.  These  devices  are  expensive, 
difficult  to  keep  in  order  and  generally  undesirable.  Formerly,  com- 
binations of  incandescent  lamps  on  series  circuits  were  used, 
consisting  of  groups  of  lamps  in  series  or  in  multiple,  but  these 
arrangements  are  not  now  in  use  and  are  forbidden  in  the  rules.  It 
is  evident  that  incandescent  lamps  on  series  circuits  should  never  be 
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allowed  on  gas  fixtures  since  an  arc  to  the  grounded  gas  pipe  would 
be  very  severe  and  would  be  liable  to  burn  through  the  pii)e  and 
ignite  the  escaping  gas. 

Constant-Potential  Systems.  The  character  of  these  systems 
has  been  explained  on  page  12.  Almost  all  systems  for  light  and 
power  in  buildings  of  all  sorts  are  of  this  type.  The  most  common 
are  110-volt  two-wire  direct-current  systems;  three-wire  svstems 
with  220  volts  between  outside  wires  and  110  volts  between  the 
neutral  and  either  outer  wire;  500-  to  600-volt  d.  c.  street  and  elevated 
sj'stems  with  "ground  return";  440-  to  600-volt  a.  c.  systems  for 
motors.  In  addition  to  these  there  are  1,100-^  2,200-,  and  3,300- volt 
a.  c.  power  circuits  and  the  so-called  a.  c.  transmission  lines  at  all 
voltages  from  1,000  up  to  80,000  or  100,000  volts.  \Miile  occasionally 
a.  c.  motors  are  made  for  direct  operation  at  1,100  or  2,200  volts, 
in  general  for  voltages  above  600  volts,  alternating-current  trans- 
mission lines  are  employed  which  are  connected  to  transformers  at 
the  factories  or  mills  where  the  power  is  used  and  which  "step-down** 
the  voltage  to  440  volts  or  some  other  voltage  which  can  conveniently 
be  used  in  the  motors  and  for  lighting  purposes.  Both  the  primary 
and  secondary'  circuits  in  this  case  are  constant  potential  systems. 

In  street  railway  work  large  machines  calletl  rotary  converters 
are  employed  which  are  driven  by  the  high-voltage  alternating 
current  from  transformers  connected  to  the  transmission  lines  and 
which  deliver  direct  current  at  about  000  volts  to  the  trolley  system. 
Sudi  rotar}'  converters  are  usually  plac^ed  in  substations  so  located 
as  to  conveniently  and  economically  supply  the  different  sections  of 
a  city-  A  similar  practice  is  followed  in  cities  where  direct  current 
is  to  be  furnished  for  general  lighting  and  power,  and  the  original 
generating  station  is  more  or  less  remote.  Such  substations  come 
under  the  same  rules  as  generating  or  dynamo  stations. 

All  so-called  isolated  plants,  that  Ls,  plants  in  individual  factories 
or  large  buildings,  are  constant-potential  systems  also.  In  the 
underwriters'  rules  constant-potential  systems  are  sulMlivided  into 
low^poiential  systems  10  to  550  volts;  high'i)0fenii(il  sjfstrtns  550  to 
SyoOO  volts;  and  extra-high-iHyicut'inl  fttfsienus  over  3,5(M)  vdlts.  Of 
these  the  low-potential  systems  are  of  most  importance  since  tiiey 
include  the  very  great  majority  of  equijMnents  for  using  electricity 
in  buildings  for  light,  heat,  and  power. 
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QBNBRAL  INSTALLATION  RULES  FOR  CONTROLUNQ  AND 

PROTECTINQ  DBVICBS 

Switches,  fuses,  and  circuit  breakers  may  all  be  described  as 
arcing  devices,  that  is,  their  operation  always  produces  an  arc. 
This  arc  may  be  small  or  large  but  it  is  impossible  to  break  a  circuit- 
carrying  current  without  some  arc  even  if  it  is  so  small  that  it  is  a 
mere  spark.  The  duration  and  intensity  of  an  arc  depends  upon  the 
strength  and  voltage  of  the  current,  the  rapidity  with  which  the  gap 
in  the  circuit  is  widene<l,  and  the  design  and  condition  of  the  arcing 
device,  switch  or  fuse.  Dust  or  inflammable  gases  may  be  ignited 
by  an  arc  of  sufficient  intensity.  No  arcing  device,  therefore,  should 
be  placed  near  easily  ignitible  stuff,  or  exposed  to  inflanmiable  gases, 
or  dust,  or  flyings  of  any  combustible  material.  When  so  exposed,  as 
in  flour  mills,  textile  mills,  etc.,  all  switches  and  fuses  should  be  en- 
closed in  dust-tight  boxes  or  cabinets.  Open-link  fuses  are  espe- 
cially liable  to  flash  violently  and  throw  out  molten  metal  and  they 
must,  therefore,  be  given  special  attention,  and  should  never  be 
installed  outside  of  proper  cabinets  except  on  switchboards  in  fire- 
proof rooms,  such  as  engine  rooms,  generating  stations,  or  where 
they  will  \ye  under  constant  and  expert  supervision.  Even  in  ordi- 
nary rooms,  houses,  stores,  or  factories,  where  there  is  no  dust  or 
combustible  flyings  in  the  air,  it  is  much  better  to  have  all  knife 
switches  and  all  fuses  placed  in  cabinets  to  prevent  accidental  short- 
circuits,  caused  hy  laying  a  metal  object  across  the  exposed  parts. 

Switches  immersed  in  oil  are  in  common  use  for  large  currents 
and  are  quite  saft*  as  regards  arcing,  though  the  oil  involves  a  certain 
hazard  since  it  is  combustible. 

It  should  be  rt*niemlH*nHl  that  any  switch  or  circuit  breaker 
which  is  automatic,  that  is,  which  is  not  operated  by  hand  by  a 
person  at  the  actual  device  itself,  requires  better  protection  since  in 
case  of  failurt^  the  arcing  may  he  severe  and  no  one  may  be  at  hand 
to  take  the  net^lful  steps  to  prevent  its  starting  a  fire.  Such  auto- 
matic current-hn^aking  devices  including  time-switches  worked  by 
clocks,  sign  flashers,  and  the  like,  should  always  be  enclosed  in  very 
substantial  non-combustible  cases  or  cabinets  of  ample  size  and  so 
arrangcnl  that  they  are  not  liable  to  be  left  open. 

Switches.  The  general  requirements  for  service  switches  have 
alreadv  luvn  discusstHl.     ^\^lile  it  is  true  that  the  service  switch 
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and  a  switch  for  every  motor  ure  the  only  ones  that  are  absolutely 
required  by  the  rules,  still  convenience  and  economy  of  operation 
naturally  call  for  a  number  of  switches  in  practically  everj-  installa- 
tioa,  and  the  correct  placing  of  them  becomes,  therefore,  a  matter 
of  importance.  The  description  of  some  of  the  very  numerous  types 
of  switches  will  be  given  later  in  this  book,  but  we  consider  here  the 
general  rules  for  uistalling  all  tj-pes. 

As  a  general  principle,  switches  must  always  be  placed  in  dry, 
accessible  places  and  it  b  well  to  group  them  toother  so  far  as  pos- 
sible for  the  reason  that  this  will  often  reduce  the  amount  of  wiring 
and  also  render  it  easier  to  use  them  in  case  of  need. 

Knife  Switches.  Knife  switches  consist  of  copper  blades,  one 
for  each  pole,  hinged  at  one  end  to  copper  clips  or  posts  and  closing 
at  the  other  into  other  clips.    Where  such  a  switch  b  made  to  close 


EU-  so.     Sinile,  Double,  and  Triple  Pole  Kuifs  Bwilc 


into  clips  at  only  one  side  of  the  hinge  end  it  is  called  a  single-throw 
switch  and  where  the  blades  can  be  thrown  into  clips  at  cither  side 
of  the  hinge  it  is  called  a  double-throw  switch.  Single-throw  switches 
must  always  be  installed  so  that  gravity  will  tend  to  open  rather 
than  close  them  since  otherwise  they  might  fall  and,  by  only  partly 
closing,  cause  arcs  and  burning.  Double-throw  ."^witches  may  be 
installed  so  that  the  throw  is  either  vertical  x>r  horizontal  as  preferred. 
Fig.  60  shows  a  double-pole  single-throw  switch  and  a  triple-pole 
double-throw  switch  correctly  placed  and  a  single-pole  single-throw 
switch  wrongly  placed. 

Whenever  practicable,  knife  switches  should  be  so  wired  that 
the  blades  will  be  dead  when  the  switch  is  open  as  this  leaves  less 
exposed  live  metal  and  also  makes  it  easier  and  safer  to  make  any 
repairs  or  adjustments  of  the  switch  blades  and  hinges.  In  Fig.  61 
if  the  supply  wires  {bom  the  service  or  dynamo)  enter  at  the  top 
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and  the  lamps  are  connected  from  the. bottom  of  the  switch,  the 

blades  will  be  dead  when  the  switch  is 'open.    If  the  arrangenwDt  ia 

reversed,  the  switch  blades  will  be 

■  connected  to  live  wires  all  the 
time,  whether  the  switch  is  open 
or  closed.  The  illustration  also 
shows  an  excellent  type  of  cast-inn 
cabinet  for  such  a  switch  comtHiuu 
tion. 
Surface  Snap  Switches.  Tluse 
are  the  couunon  p(Ht»lun  hue 
switches,  usually  round  in  sh^ 
and  having  metal  covers  with  the 
operating  handle  at  the  oenttr. 
lliey  are  commonly  mounted  on 
side  walls  and  the  wires  are 
r«  fli  Approv«i  MM^  swiuh  Box  ^^^^  [nto  them  from  the  bacL 
It  is  not  possible  to  fasten  them  \ety  securely  to  a  lath-and-plaster 
wall  unless  some  block  is  provided  for  the  screws  to  be  driven  into. 
For  this  reason,  wherever  possible,  at  all  switch  or  fixture  outlets, 
a  J-inch  block  must  be  fastened  between  studs  or  floor  timbers  flush 
with  tho  buck  uf  lathing  to  hold  tubes,  and  to  support  switches  at 
fixtures.  When  this  cannot  be  done,  wood  base  blocks,  not  less 
than  i  inch  in  thickness,  securely  screwed  to  lathing,  must  be  iwo- 
vi<led  for  switchi's,  and  aLso  for  fixtures  which  are  not  attached  to 
gas  pipes  or  conduit.  Figs.  ()2  and  63  show  these  blocks  with  the 
wires  Ijmught  through  them  and  through  the  lath  and  plaster  in  short 
lengths  of  flexible  tubing.  l"he  switches  can  thus  be  finnly  screwed 
to  the  blocks  and  the  wires  connected  to  them. 


If  snap  switches  are  used  with  exposed  wiring  on  cleats,  thoe 
must  be  a  porcelain  sub-base  under  cacli  switch  so  made  that  the 
wires  will  be  kept  \  inch  from  the  surface  wired  ov^.    A  a 
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sub4>ase  must,  be  used  where  such  a  switch  is  used  with  wood 
molding,  but  in  this  case  it  may  be  of  liard  wood  instead  of  porcelain. 
Figs.  64  and  65  show  how  this  is  done. 

Fhuih  Swilchea.  These  are  made  to  be  inserted 
into  walls  so  that  only  the  operating  push  buttons 
or  handle  will  extend  out  beyond  the  surface,  and 
are  now  in  very  general  use.  Inasmuch  as  their 
operating  parts  are  concealed  in  the  wall  they 
should  invariably  be  set  into  small  steel  boxes 
throu^  the  back  of  which  the  wires  may  enter 
either  throu^  lengths  of  flexible  tubing  or  through 
iron  conduit.  The  same  requirement  applies  to  all 
small  fittings  such  as  receptacles  from  which  flexi- 
ble cords  are  run  to  heaters  and  other  portable  de- 
vices.  Fig.  66  is  a  sketch  of  such  a  switch  box  set 
into  a  lath-and-plaster  wall.  The  sketch  shows  the 
box  as  it  would  appear  from  the  back  of  the  wall. 
Where  it  is  desired  to  control  the  same  electric 
lamps  from  either  of  two  switches  at  different  places, 
what  are  called  three-way  switches  are  installed. 
These  are  chiefly  used  in  residences,  as  for  the  control  of  hall  lights 

from  either  upstairs  or  downstairs.  Under 
the  rules  these  are  classed  as  single-pole 
switches  and  are  preferably  wired  so  that  only 
one  main  of  the  circuit  is  carried  to  either 
switch.  Three-way  switches  are  usually  of  the 
common  round-surface  porcelain-base  type  or 
push-button  wall  variety.  Fig.  67  gives  a  dia- 
gram of  the  way  to  connect  them. 

Fuses  and  Circuit  Breakers.  These  may 
be  compared  with  "safety  valves"  on  steam 
boilers,  that  is  to  say,  they  are  primarily  de- 
signed to  act  in  case  of  an  improper  condition 
of  affairs  and  prevent  by  their  automatic  action 
any  serious  trouble  resulting.  Although  this 
IS  the  purpose  of  fuses  and  overload  circuit 
breakers,  it  is  altogether  too  common  for  users 
*^'  ^'  mSSU^  ^*^    ^'  electric  current  to  misuse  them,  and  so  de- 
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stroy  the  protection  intended.  It  is  evident  that  a  fuse  whidi  b  » 
large  that  it  will  not  melt  until  a  current  passes  throtigh  it  which  is 
far  too  large  to  be  safely  carried  by  the 
wires  or  other  parts  of  the  circuit,  b 
worthless.  The  fusible  part  of  a  fuse  is 
usually  a  strip  or  wire  of  soft  lead  w 
zinc  of  such  size  that  if  any  considoable 
current  over  that  for  which  it  is  designed 
p&sstea  through  it,  it  will  melt  off  and  so 
open  the  circuit.  Whenever  a  fuse  of  tlie 
proper  size  for  its  circuit  bhws  or  nw^, 
the  first  thing  to  be  done  is  to  seek  out 
the  cause,  for  the  operation  of  the  fuse  b 
proq^that  there  is,  or  has  been,  something 
«-rong.  Thus  if  in  a  house  a  lightinf- 
circuit  is  properly  protected  by  6  ampere 
fuses  and  these  fuses  blow,  one  may  be 
sure  that  more  than  G  amperes,  and,  therefore,  more  than  a  aafe  eurmd 
has,  for  some  reason ,  traversed  the  wires  for  a  time  long  enough  to  mek 
the  small  fuse  strip.  Now,  unless  this  excess  of  current  was  due  to 
»ome  momentBr>-  a(Ti<tent,  known  and  recognized  as  such,  the  some 
condition  that  once  allowed  the  unduly  large  current  to  flow  probably 
still  exists,  and  until  this  trouble  is  sought  out  and  remedied,  the 
same  unsafe  condition  exists.  It  is,  therefore,  very  unwise  to  replace 
the  blown  fuses  with  some  of  larger  current-carrj-ing  capacity,  for 
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this  is  merely  reducing  the  protection  witliout  removing  the  source 
of  danger. 

Still  worse  is  it  to  replace  blown  fuses  by  fuses  which  have  been 
filled  up  with  metal,  or  acruss,  <ir  through  which,  extra  metal  strips 
have  been  fastened  in  a  misguided  attempt  to  keep  the  fuses  from 
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blowing  ftgain.  One  might  as  reasonably  tie  down  a  steam  boiler's 
safety  valve.  These  principles  when  thus  stated  appear  very  ele- 
mentary and  self-evident  and  yet  the  misuse  and  abuse  of  fuses  is, 
perhaps,  the  commonest  fault  observed  in  the  maintenance  of  electric 
installations.  The  only  reason  that  disaster  does  not  always  follow 
ignorant  or  culpable  misuse  of  fuses,  is  to  be  found  in  the  fact  that 
wires  and  other  ports  of  the  system  are  installed  with  a  fairly  large 
margin  of  safety.  This  does  not,  of  course,  in  any  degree  justify 
over-fusing  circuits  or  tampering  with  fuses  or  other  safeguards, 
and  insurance  inspectors  should  not  tolerate  any  deviation  from  ' 
standard  rules  for  the  protection  of  circuits  or  fail  to  demand  the 
use  of  only  approved  protective  devices  of  proper  rating  for  every 
drcuit.  Fig.  68  shows  »ome  fuses  which  have  been  "doctored"  in 
ways  unfortunately  all  too  common. 

The  following  excellent  statement  is  taken  from  the  book  of 
ruks  of  the  Assodated  Factory  Mutual  Companies : 


Fit.  M.     Typicml  Euunplis  □(  "Doctored"  Fiua 

Specifications  for  fusee  require  th&t  they  shall  be  rated  at  a  certain  per 
nnt  of  the  ntaximum  current  which  they  will  carry  indefinitely,  as  followe: 
Hnk  fuses  80  per  cent  and  enclosed  fuses  90  per  cent.  The  margin  thus  pro- 
vided between  the  rating  of  the  fuse  and  its  actual  melting  point  will  permit 
the  ordinary  fluctuutiona  in  current  without  opening  the  circuit.  If  fuses 
selMt«d  to  conform  to  the  above  rule  are  not  large  enough  to  carry  the  load, 
it  ia  e\-ident  that  the  wires  also  are  overloaded,  and  either  the  load  should  be 
dimiDished  or  the  siie  of  the  wire  increased. 

Circuit  breakers  are  so  sensitive  that  it  is  often  necessary  to  set  them 
much  above  the  ordinary  current  to  keep  them  from  being  constantly  opened 
by  momentary  rises  in  the  current,  such  as  might  be  caused  by  starling  a  motor 
or  by  K  riae  in  the  voltage  of  the  dynamo  due  to  a  sudden  decrease  of  load. 
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When  this  is  the  case,  a  fuse  may  be  Decessary  to  protect  the  wire  fnmi  a 
steady  current  above  the  safe  canying  capacity  of  the  wire  but  below  the  point 
at  which  the  circuit  breaker  is  set  to  open.  The  fuse  requires  a  little  time  to 
heat,  and  so  docs  not  melt  with  the  momentary  rises  of  current  which  would 
open  the  circuit  breaker  if  it  were  set  as  low  as  it  would  have  to  be  if  the  fuses 
were  not  provided. 

It  has  already  been  pointed  out  that  "service  entrances"  must 
be  fused,  that  is,  there  must  be  a  fuse  in  each  wire  where  the  current 
supply  is  brought  into  a  building.  An  exception  is  made  in  the  case 
of  three- wire  (not  three-phase  a.  c,  however),  s^'stems.  In  these  the 
fuse  may  be  omitted  in  the  neutral  wire,  provided  this  wire  is  of 
equal  carrying  capacity  with  the  outside  \n'ires  and  is  reliably  grounded, 
since  in  such  a  three-^^ire  system  the  neutral  wire  cannot  under  any 
condition  carry  more  current  than  either  of  the  outside  wires;  the 
fact  that  it  is  groundt»d  adds  a  certain  safety,  because  it  is  espe- 
cially desirable  that  the  neutral  should  not  be  opened  unless  the 
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Fig.  69.     FusM'  Arrangement  for  Three- Wire  Circuit 

outside  wires  are  also  opened,  as  might  occur  if  a  neutral  fuse  alone 
blew,  or  was  removed  without  the  others  also  opening.  Fig.  69 
illustrates  this  point.  TSTien  the  fuse  in  the  neutral  at  N  is  in  place, 
lamps  A  can  have  only  110  volts  across  them  and  lamps  B  the  same, 
but  if  the  fuse  A'  is  removed,  the  group  A  will  be  in  series  with  the 
group  B  across  the  220  volts  of  the  outside  wires,  and  as  there  are 
4  lamps  at  A  and  only  2  at  B,  the  resistance  and  volts  drop  across  A 
will  be  only  one-half  the  resistance  and  drop  across  B,  Thus  A 
will  get  only  one-third  of  220  volts  or  73.3  volts,  and  B  will  get  146.7 
volts.  The  lamps  B  will  thus  burn  over  bright  or  even  burn  out,  and 
those  in  A  will  be  dim.  Of  course,  if  there  were  the  same  number  of 
lami)s  at  A  as  at  /?,  it  would  make  no  difference  whether  the  neutral 
wire  were  open  or  not,  but  when  the  system  b  unbalanced  as  in  Fig. 
69  it  is  better  to  avoid  having  the  neutral  opened  and,  therefor^ 
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the  fuse  in  it  b  often  omitted,  and  the  wire  carried  through  unbroken. 
Beyond  the  service  entrance  fuses  and  switch,  the  circuits  are 
usually  divided;  thus  in  a  house  several  circuits  of  smaller  wire  will 
lead  to  the  lights  on  the  different  floors,  or  in  a  larger  building  or  a 
factory,  sub-mains  will  be  carried  up  to  the  distributing  centers 
through  the  building  from  which  in  tutu  smaller  wires  will  branch 
out.  The  proper  proportioning  of  these  cables  and  wires  for  the 
economical  distribution  of  current  is  a  problem  for  the  electrical 
engineer.  The  point  to  be  noted  here  is  that  fuses  or  breakers  must 
be  placed  at  every  point  where  a  change  is  made  in  the  size  of  wire 
unless  the  fuse  next  back  will  also  protect  the  smaller  wire.  The 
rated  capacity  of  fuses  must  not  exceed  the  allowable  carrying  capacity 
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Fig.'TO.     Diagram  Showing  Fuse  Arrangement  and  SUe  of  Wire 
for  Typical  Lighting.and  Power  Circuit 

of  the  wire  as  given  on  page  65,  and  circuit  breakers  must  not  be  set 
more  than  30  per  cent  above  the  capacity  of  the  wire  unless  a  fuse 
is  also  used  when  it  may  be  set  100  per  cent  higher.  Fig.  70  shows 
the  sizes  of  wire  and  the  fuse  arrangement  for  a  typical  case.  The 
arc  lamps  require  30  amperes,  the  20  incandescent  lamps  10  amperes, 
and  the  motor  has  a  full  load  current  of  20  amperes.  The  motor, 
however,  must  have  leads  for  25  per  cent  above  full  load  current  or 
25  amperes  or  No.  10  wire.  Allowing  60  amperes  for  the  total  normal 
current  the  service  fuses  at  A  might  be  60  amperes  and  the  wires 
next  beyond  them  No.  4.  The  other  wire  sizes  are  shown  and  the 
fuses  would  have  to  be  placed  as  shown  and  have  the  following 
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ratings :  B,  30  amperes ;  C,  6  amperes ;  D,  30  amperes ;  E,  20  amperes; 
and  F,  6  amperes.  The  6-ampere  fuses  are  required  at  C  and  F, 
because  by  a  special  rule  mentioned  below  this  b  the  limit  for  fuses 
for  branch  circuits  at  110  volts  supplying  incandescent  lamps.  A 
pair  of  fuses  is  also  required  for  each  arc  lamp  and  these  would  in  the 
case  shown  usually  be  of  a  10-ampere  rating.  If  circuit  breakers 
were  substituted  for  the  motor  fuses  at  E  they  should  be  set  to  open 
at  not  over  30  per  cent  above  the  capacity  of  No.  10  wire  or  about  31 
amperes. 

It  will  frequently  be  found  necessarj"^  to  provide  cut-outs  wh^e 
taps  are  taken  from  large  mains.  In  such  cases,  if  the  clamps  on  the 
cut-outs  are  not  sufRciently  large  and  strong  to  give  a  firm  and  secure 
connection,  a  short  length  of  smaller  wire  may  be  soldered  to  the 
main  wire  and  then  carried  direct  to  the  cut-out,  which  should  be 
located  as  near  as  possible  to  the  point  of  connection  with  the  mains. 
Special  care  should  be  taken  to  guard  these  leads  from  accident  as 
they  may  not  be  properly  protected  by  the  fuses  in  the  main  circuit. 

Fuses  are  always  installed  in  pairs  (or  sets  of  3  on  three-wire 
circuits),  so  that  each  side  of  the  circuit  is  fused  for  the  reason  that  a 
"ground"  or  "cross*'  might  occur  so  as  to  cause  a  large  current  to  flow 
over  a  path  not  including  any  fuse.  Furthermore,  fusing  both  sides 
gives  a  much  greater  factor  of  safety  and  insures  protection  under 
all  conditions. 

In  in^talling  incandescent  lamps,  fuses  must  be  so  placed  that 
no  set  of  lamps  rt*quiring  more  than  660-watts  power  ^^^ll  be  depend- 
ent on  a  single  pair  of  fuses.  Some  city  rules  state  this  in  terms  r^u- 
lating  lamp  sockets  or  receptacles,  and  limit  the  number  of  sockets 
to  10  or  12  since  this  amounts  to  about  the  same  thing.  The  purpose 
of  this  rule  is  to  secure  such  a  subdivision  of  the  fuses  that  no  very 
large  currents  can  flow  for  any  long  time  over  any  part  of  the  small 
wiring  without  opening  a  fuse  and  thus  the  effects  of  a  short-circuit 
or  other  accident  will  be  very  much  minimized.  Suppose  we  had  a 
long  line  of  No.  10  wire  protected  by  25  ampere  fuses  on  a  110-volt 
circuit,  and  50  incandescent  lamps  in  multiple  on  this  line  with  no 
other  fuses.  Suppose  also  that  only  one  of  the  lamps  were  burning. 
Now  if  this  lamp  were  hung  on  a  flexible  cord  and  a  "short-circuit" 
occurred  on  the  cord  or  in  the  lamp  socket,  we  should  have  to  wait 
until   the  short-circuit  became  severe  enough  to  allow  about  30 
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amperes  of  current  to  flow  before  the  25-ampere  fuses  would  open. 
(All  fuses  will  cany,  for  a  short  time,  more  than  their  rated  currents.) 
But  30  amperes  at  110  volts  may  cause  an  arc  quite  intense  enough 
to  set  fire  to  the  cord  or  cause  molten  metal  to  drop  from  the  over- 
heated socket.  If  the  lamps  were  on  a  branch  circuit  of  No.  14  wire 
protected  by  6-ampere  fuses,  these  fuses  would  probably  melt  before 
serious  harm  were  done.  Thus  it  may  be  seen  that  it  is  wise  to  sub- 
divide the  lamp  circuits  and  protect  each  circuit  with  small  fuses. 
In  exposed  wiring  in  large  mills  an  exception  is  made  permitting 
incandescent-lamp  circuits  with  25-ampere  fuses  to  be  used  provided 
each  lamp  is  protected  by  a  very  small  fuse  placed  in  a  ceiling  rosette. 
Thb  is  allowed  to  prevent  running  an  excessive  amount  of  wiring 
through  large  rooms  where  the  crowded  wires  might  be  themselves 
a  source  of  danger.  It  was  formerly  the  custom  to  place  small  fuses 
in  the  canopies  of  fixtures  or  ceilings  and  side  walls  but  they  were 
always  troublesome  and  dangerous  to  an  extent  that  did  not  offset 
the  slight  extra  protection  they  aflForded  and  all  such  "bug''  fuses 
have  long  been  forbidden. 

Enclosed  fuses,  plug  and  cartridge,  are  allowed  by  the  Code  rules 
to  be  installed  without  cabinets  except  in  dusty  or  linty  places  but 
some  municipal  ordinances  require  all  fuses  to  be  in  cabinets.  While 
this  b  safer,  there  would  be  a  tendency  to  use  the  open-link  lead  fuse 
ever^'where  if  cabinets  were  universally  required  since  they  are  much 
dieaper  than  enclosed  fuses,  and  this  is  a  tendency  not  to  be  en- 
couraged. If  proper  locations  are  chosen  for  enclosed  fuses  and  if 
only  approved  fuses  are  used,  there  is  little  hazard  under  ordinary 
conditions.  Enclosed  fuses  either  of  the  cartridge  or  the  plug  type 
and  of  makes  having  the  underwriters'  approval  will  open  the  circuits 
for  which  they  are  rated  with  practically  no  explosive  action  and 
without  emitting  flame  or  molten  metal  even  on  heavy  short-circuits. 
Even  so,  however,  they  should  never  be  placed  near  combustible 
material. 

Electric  Heaters.  Under  this  heading  are  included  all  devices 
in  which  use  is  made  of  the  heat  developed  by  the  current  (usually 
by  causing  it  to  pass  through  coils  of  wire).  These  are  electric 
pressing  irons,  air  and  water  heaters,  toilet  articles,  such  as  curling 
irons,  cooking  devices  of  all  sorts,  and  a  vast  and  constantly  increas- 
ing variety  of  domestic  and  industrial  appliances.    All  these  present 
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the  same  hazards  as  other  heaters  of  equal  capadty,  except  that 
the  dangers  of  open  gas  flames  and  of  matches  are  dimin&ted,  and. 
they  all  require  the  same  precautions  in  use  and  in  their  installation. 
Each  should  be  protected  by  fuses  eitho-  on  the  device  or  preferably 
in  the  branch  circuits  supplying  them  and  must  be  controlled  by 
separate  sn-itches  so  made  as  to  indicate  whether  the  current  is  "(m" 
or  "off."  These  must  be  double-pole  switches  if  more  than  660  watts 
of  energy  is  required.  In  general,  such  heaters  should  never  be  "buih 
in"  but  should  be  in  plain  sight.  However,  for  many  industrial  pur- 
poses electric  heaters  are  constructed  as  parts  of  tools  or  "'whinwi 
and  when  well  made  and  used  with  due  care  are  not  laote  hasardous 
than  other  methods  of  heating. 

Portable  heater?  are  in  general  more  dangerous  than  stationary 
ones  since  the  latter  may  be  safeguarded  by  suitable  heat-re»sting 
material  placed  between  the  device  and  its  surroundings,  such  as 
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sheets  of  tin  or  steel  with  an  air  space  between  them  or  by  alternate 
layers  of  sheet  steel  and  asbestos  with  a  similar  air  space. 

The  electric  flatiron  is  perhaps  the  cause  of  more  trouble  and 
danger  from  fire  than  anj-  other  form  of  heater.  The  temperature 
of  the  iron  required  for  ironing  damp  fabrics  is  necessarily  high  (at 
least  .WO"  F.  is  common)  and  if  the  iron  is  left  with  current  on  and 
is  not  in  use  it  will  Wcome  red-hot  in  from  ten  to  twen^  minutes. 
IF  it  has  been  left  on  u  table  or  on  clothing  a  fire  is  almost  inevitable. 
Fig.  71  shows  a  cloth-covered  board  burned  by  electric  irons.  Few 
in>ns  ha^'e  an\'  automatic  cut-off  to  guard  agwist  such  an  acddent 
and  the  fact  that  many  such  irons  are  used  by  persons  not  familiar 
with  the  possible  danger,  makes  these  devices  rather  hazardous. 

It  is  often  desirable  to  coimect  in  multiple  with  the  heaters  and 
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between  the  heater  and  the  switch  controlling  same,  an  incandescent 
lamp  of  low  candle  power,  as  it  shows  at  a  glance  whether  or  not  the 
switch  b  open,  and  tends  to  prevent  it  being  left  closed  through 
oversight.  An  approved  stand,  of  a  pattern  such  that  the  iron  may 
be  safely  left  on  it  even  with  the  current  on,  should  be  used  with  every 
electric  pressing-iron.  The  ordinary  plain  iron  stand  for  cast  flatirons 
is  not  adequate  as  it  will  become  hot  enough  to  set  fire  to  a  table. 
It  should  be  remembered  that  stove-heated  irons  get  cooler  when 
taken  from  the  stove,  while  an  electric  iron  will  get  hotter  and  hotter 
if  left  connected  to  the  circuit  and 
not  used.  Fig.  72  shows  an  iron 
I»t>p^ly  installed  with  indicating 
switch,  pilot  lamp,  and  stand. 

Portable  heaters,  if  they  re- 
quire over  250  watts,  should  be 
furnished  with  approved  '^heater 
cord"  which  consbts  of  stranded 
copper  oonductcMis  with  a  thin 
rubber  and  a  thick  asbestos  yarn 
covering  over  each  with  a  good 
braid  over  all.  In  factories  and 
shops  where  a  large  number  of 
flatirons  or  rather  portable  electric 
heaters  are  used,  the  circuits  lead- 
ing to  them  should  be  so  arranged 
and  provided  with  switches  that  ^.< 
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any  department  or  tier  of  benches        Fig.  72.   Properiy  installed  Electric 
can  be  cut  off  when  not  in  use  and  ^^'^  circmt 

pilot  lamps  in  conspicuous  places  should  be  provided  to  call  attention 
to  the  fact  that  the  circuit  is  closed  to  the  heaters.  Domestic  cooking 
devices  electrically  heated,  are,  in  general,  fairly  safe  as  made  by  well- 
known  manufacturers,  and  are  preferable  from  the  viewpoint  of  fire 
hazard  to  similar  appliances  heated  by  gas  or  by  alcohol  lamps. 

Tlie  use  of  flatirons  or  other  heaters  on  ordinary  lighting  circuits 
is  undesirable  since  they  often  require  more  current  tlian  can  be  taken 
through  the  proper  fuses  for  such  lamp  circuits.  It  is  very  desirable 
that  special  circuits  be  run  of  large  wire  properly  fused  and  with  large 
capacity  fittings  and  that  all  heating  and  small  power  devices  such 
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at)  waahinK  and  vacuum  oleamnf;  machines  be  supplied  from  sudi 
sprcial  circuits.  The  tihtinar^'  wall  or  ceiling  fiictures  and  the  lamp 
sockets  attached  are  very  ill  suited  for 
connecting  portable  heaters  because  ti 
their  lack  of  current-carrjing  capacity; 
and,  too,  because  they  are  not  me- 
chanically strong  enough  to  with- 
stand the  comparatively  rough  usage 
to  which  they  are  inevitably  subjected. 

FIXTURES  AND  FIXTURE  WIRING 
Fixture  Details.  Electric  fixtures 
are  of  two  tj-pes  known  as  straight 
electric  and  combination,  the  former 
carrying  only  electric  lamps  and  the 
other  having  both  electric  and  gas 
lights.  The  chief  parts  of  a  fixture  are 
the  canopy  at  ceiling  or  wall,  the  stem, 
the  botly,  the  arms,  and  the  sockets. 
Most  fixtures  c^insist  of  plain  iron  pipe, 
often  of  small  size,  threaded  into 
sjtecial  castings  in  the  body  or  central 
hall  with  arms  branching  from  the 
ImmIv.  Over  this  pijie  body  is  a  casing 
of  brass  \n}w  in  pressed  or  spun  forms. 
In  straiglit  electric  fi.xtures  the  wires 
im'  usually  drawn  through  the  iron 
pi|X's,  but  in  combination  fixtures  the 
giis  runs  in  the  pipes  and  the  wires  lie 
along  the  outside  of  the  pipes  between 
them  »n<l  the  casing  or  are  drawn 
tlirough  cored  holes  in  cast-brass  arms. 
The  iKHt'ssarily  small  spaces  and  chan- 
nels for  wires  in  fixtures  and  the  slight 
amount  of  insulation  which  the  wires 
can  carry,  require  very  careful  work 
in  order  that  the  best  conditions  pos- 
sible may  In-  niuintainctl.    The  i)ij«;s  in  which  wires  are  dran-n  should 
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be  carefully  reamed  at  ends  and  all  sharp  angles,  burrs,  and  comers 
on  which  wires  may  be  injured  should  be  carefully  rounded  off.  These 
details  should  be  attended  to  by  the  fixture  maker  but  are  often  neg- 
lected, resulting  in  such  accidents  as  are  shown  in  Fig.  73,  where  the 
current  has  burned  holes  through  the  gas  pipe  and  ignited  the  gas. 
Nothing  but  rubber-covered  wire  having  a  rubber  wall,  and  no  wire 
smaller  than  No.  18  B.  &  S.  gauge,  should  be  used.  Stranded  wire 
is  preferable  to  solid  wire.  A  rubber  insulation  i/^-inch  thick  is 
permitted  on  No.  18  wire  for  fixtures,  but  all  No.  16  wire  and  all 
flexible  cord  if  used  for  fixture  work  should  have  at  least  lAr-inch 
wall.    Fixtures  are  not  allowed  on  circuits  of  over  300  volts.  . 

Insulating  Joint.  On  lath-and-plaster  ceilings  and  walls  where 
steel  outlet  boxes  are  not  used,  fixtures  are  usually  fastened  to  some 
form  of  "crowfoot,"  a  small  tripod  casting  into  which  the  stem  of 
the  fixture  is  screwed.  Combination  fixtures  are  screwed  on  the  pro- 
jecting nipple  of  the  gas  pipe.  When  fixtures  are  thus  supported 
on  gas  pipes  or  when  they  are  attached  to  any  grounded  metal  work 
of  a  building  or  are  on  walls  or  ceilings  of  plaster  on  metal  lathing, 
an  approved  "insulating  joint"  must  be  inserted  between  the  fixture 
and  its  support.  An  insulating  joint  is  a  coupling,  the  two  ends  of 
which  are  reliably  insulated  from  each  other  by  some  substance, 
usually  mica.  For  combination  fixtures  there  is  a  hole  for  the  gas 
through  the  center  of  the  joint.  Such  joints  are  required  to  be  made 
of  materials  which  will  not  be  affected  by  the  gas;  no  soft  rubber  is 
allowable  and  they  must  be  capable  of  withstanding  a  voltage  test 
of  4,000  volts  a.  c.  between  the  two  ends.  Such  insulation  is  required 
because  the  fixture  wire  is  necessarily  poorly  insulated  and  liable 
to  permit  the  conductors  to  become  "grounded"  on  the  fixture  at  one 
or  more  points.  The  insulating  joint  prevents  such  a  failure  in  the 
fixture  from  causing  current  to  flow  to  the  earth  in  case  the  circuit  is 
either  purposely  or  accidentally  grounded  at  other  places.  It  also 
prevents  voltage  sufficient  to  puncture  the  fixture  wiring  from  arcing 
across  broken  insulation  to  the  fixture  and  so  to  the  ground. 

Canopy  Insulators.  Since  the  canopy  or  bell  covering  the  base 
of  the  fixture  at  the  ceiling  or  wall  is  in  electrical  connection  with 
the  fixture  stem,  it  also  must  be  insulated  at  its  upper  edge  from  the 
wall  wherever  an  insulating  joint  is  required.  Canopy  insulators 
take  the  form  of  molded  rings  of  composition,  fiber  rings  riveted  to 
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the  canopy  edge  or  insulating  linings  and  flanges  of  micanite  or  otlicr 
suitable  material.  Fig.  74  sbon-s  a  correctly  mounted  combination 
fixture  with  insulating  joint  and  canopy  insulator.  The  cut  also 
showii  the  pieces  of  flexible  tubing  in  which  the  wires  are  separately 
encase<l  from  the  ln.st  porcelain  support,  through  the  ceiling  and  to 
a  point  below  the  insulating  joint.  B  in  the  figure  is  a  piece  of 
insulating  tubing  which  should  be  placed  about  the  gas  pipe  a,ho\e 
the  insulating  joint.  In  case  the  wires  were  in  steel  conduit  a  steel 
outlet  box  would  be  placed  in  the  ceiling,  the  gas  pipe  would  enter 
through  a  central  hole  in  the  back  and  the  conduit  through  anotha 
hole  at  one  side.  In  such  cases  the  flexible  tubes  would  not  be  used 
but  the  can6py  insulator  and 
the  insulating  joint  would  still 
be  required.  Most  trouble  from 
fixtures  ftccurs  in  ibe  canopy 
from  poorl}-  made  wire  joints  and 
crowded  or  jammed  wires  whidi 
gradually  give  way  until  fin&ll)' 
an  arc  is  formed  and  the  win 
-  co^-erings  are  ignited,  Fig.  75. 
Canopies  are  often  made  too 
'shallow  and  too  small  and  work- 
men are  often  careless  in  connect- 
ing fixtures. 
Sockets  and  Receptacles. 
These  are  the  d('\'iL'es  into  which  incandescent  lamps  are  put  and 
arf  ttnliiy  made  in  a  great  variety  of  forms.  Tlie  most  common  is 
tlic  fumiliar  brass  shell  K<K'ket  either  nith  a  key  switch  or  keyless, 
screwed  on  the  ends  of  fixture  arms  or  hung  on  flexible  cords.  Where 
a  lamp  holder  is  desire<l  to  !«;  fastened  rigidly  to  walls  or  ceilings,  re- 
ceptacles are  used  and  this  in  general  constitutes  the  distinction 
between  rccrptacles  and  sockets.  For  outdoor  use  or  in  damp 
places  weatherpnxif  sockets  or  receptacles  should  be  used.  These 
usually  have  ijorctlnin  or  composition  outer  shells,  with  connecting 
wires  sealed  in  nr  with  some  form  of  encased  terminal  so  placed 
and  co\ert'<i  as  to  keep  moisture  from  exterior  and  interior. 

It  is  good  practice  to  use  only  porcelain  sockets  in  locations 
where  a  person  might  touch  them  while  at  the  same  time  in  contact 
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in  any  way  with  any  grounded  metal  work.  Thus  in  bath  rooms  if  a 
person  attempted  to  turn  on  a  lamp  by  means  of  the  key  of  a  brass 
covered  socket  while  at  the  same  time  he  was  touching  a  water  pipe 
or  faucet,  he  might  receive  a  painful  or  dangerous  shock  if  any  portion 
of  the  electric  circuit  were  grounded.  While  such  a  shock  would 
not  be  given,  if  everything  were  in  proper  condition,  still  there  are 
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numerous  instances  where  persons  have  been  killed  and  it  is  cer- 
tainly wise  to  prevent  even  the  chance  of  such  an  accident  by  either 
using  all  porcelain  sockets  or  by  putting  the  sockets  out  of  reach, 
and  controlling  the  lamps  by  means  of  a  switch  on  a  side  wall.  This 
practice  is  especially  to  be  commended  where  the  lamps  are  supplied 
with  a.  c.  transformers  the  primaries  of  which  are  supplied  by  circuits 
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Fl<.  76.     Enclosed  Incandescent  Lamp  as 
Precaution  Against  Explosive  Vapor 


of  voltages  of  1,100,  2,200,  or  higher  values.  The  voltages  of  110  or 
even  220  either  d.  c.  or  a.  c,  which  are  almost  universally  used  for 
incandescent  lighting  indoors,  are  not  of  themselves  at  all  liable  to 

injure  persons,  but  if  there  is  a 
fault  in  the  transformer  the  hig^ 
primary  voltage  may  get  into  the 
house  over  the  secondary  lines 
and  such  a  circuit  wiU  then  be 
distinctly  dangerous  to  life. 

In  rooms  where  inflammable 
gases  may  be  present,  as  the  re- 
sult of  some  manufacturing  proc- 
ess or  otherwise,  the  incandes- 
cent lamp  and  its  socket  must 
be  enclosed  in  a  vapor-tight  globe 
and  supported  on  a  pipe  hanger, 
wired  with  approved  rubber- 
covered  No.  14  wire  soldered  directly  to  the  circuit  wires.  Even  the 
minute  spark  caused  by  breaking  a  16-candle-power  lamp  has  been 
known  to  set  fire  to  vapors  such  as  gasoline  and  air  in  the  i»t>per 
mixture  and  the  reason  for  taking  ever}'  precaution  against  sparks 

where  such  vapors  exist,  becomes 
very  apparent.  Fig.  76  shows 
a  lamp  so  enclosed  and  sup- 
ix)rted. 

In  damp  or  wet  places  weath- 
erproof sockets  are  required 
and  these  must  either  be  made 
upon  fixtures  or  hung  as  shown 
in  Fig.  77.  Here  stranded  No. 
14  rubber-covered  wires  are 
shown  passing  from  the  socket  to 
the  circuit  wires  to  which  they 
are  soldered.  The  socket  and 
lamp  must  not  hang  direct  on  the  soldered  joints  but  some  other 
support  must  be  supplied  as  by  holding  the  socket  wires  under  one 
of  the  porcelain  cleats.  The  ordinary  brass  shell  socket  is  a  fairly 
standard  device  as  now  furnished  by  the  best  makers,  but  it  b  of 


Fig.  77.     Flrxiblc  Cord  Mounting  for 
Incandescent^amp 
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necessity  small,  and  not  very  strong.  It  is  decidedly  better 
never  to  use  such  a  socket  except  for  an  incandescent  lamp  and 
where  an  outlet  is  desired  from  which  to  take  current  for  portable 
heaters,  fans,  and  the  like,  to  provide  special  wall  or  floor  receptacles. 
This  insures  adeqiiate  current-carrying  capacity  and  avoids  mechan- 
ical injury  to  the  comparatively  frail  sockets. 

Flexible  Cords.  There  are  two  chief  classes  of  flexible  cords, 
the  plain  twisted  pairs  and  the  various  types  of  reinforced  cord  for 
portable  use  and  where  extra  protection  and  strength  b  needed.  It 
will  be  observed  that  the  use  of  any  type  of  flexible  cord  constitutes 
an  exception  to  the  general  rule  that  conductors  must  be  well  sepa- 
rated. From  one  point  of  view  it  seems  inconsistent  to  require  wires 
to  be  well  separated  in  walls,  floors,  and  partitions  and  then  permit 
the  two  conductors  of  a  cord  to 
be  twisted  closely  together,  with 
only  a  thin  rubber  insulation  and 
a  cotton  braid  on  each.  It  is,  in 
fact,  a  concession  made  to  the 
necessities  of  the  case  and  it 
cannot  be  denied  that  flexible 
cords  may  be  and  often  are  the 
weakest  part  of  an  ordinary  wir-i 
ing  installation.  It  thus  be- 
comes at  once  evident  why  very 
definite  limitations  must  be  made 
in  the  use  of  cords.  Fig.  78  shows 
types  of  flexible  cords. 

TTie  common  "twisted  pair"  cord  oMisists  of  stranded  copper 
conductors  having  a  total  carrying  capacity  equal  to  that  of  No.  18, 
16  or  14  B.  &  S.  gauge  solid  wire.  No  conductors  smaller  than  No.  18 
are  allowed  even  for  very  small  currents  in  order  that  the  mechanical 
strength  may  not  be  too  little.  (It  should  be  noticed  also  that  No. 
18  and  No.  16  wires  are  permitted  only  for  flexible  cord  and  for  fixture 
wiring.  No.  14  or  larger  being  required  everywhere  else.) 

The  copper  strands  are  twisted  or  cabled  together  and  wound 
with  a  wrapping  of  cotton  thread  both  to  keep  the  rubber  from  direct 
contact  with  the  copper  which  it  tends  to  corrode  and  to  prevent  a 
broken  strand  of  wire  puncturing  the  insulation. 


a  b  G 

Fig.  78.     Types  of  Flexible  Cords 
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The  rubber  insulation  should  be  A-inch  thick  on  No.  18  and 
No.  IG,  and  A-inch  on  No.  14  cords  and  over  each  should  be  a  fairly 
close  braid  of  cotton  thread.  It  is  apparent  that  the  finished  cttfd  so 
made  with  its  two  conductors  twisted  closely  together  does  not  afford 
any  very  great  protection  against  a  short-drcuit  resulting  horn  broken 
or  worn  insulatiuas  and  braid,  and  that  the  rubber  and  cotton  braids 
supply  a  very  fairly  good  fuel  for  any  flame  which  is  started. 

The  foregoing  is  not  intended  to  lead  to  the  conclusion  tint 
flexible  cords  should  not  be  used,  but  rather  to  point  to  the  reason  why 
their  use  should  be  restricted  and  why  they  are  open  to  objectituis  not 
applying  to  ordinary  separate  an<l  fixed  wires. 

Flexible  conl  should  never  l>e  used  as  a  substitute  for  nguUr 
fixed  wiring.  If  the  wiring  provided  does  not  give  outlets  at  the 
proper  places  it  should  be  changed  in  a  proper 
and  reliable  manner.  The  common  practice  of 
festooning  flexible  cord  along  walls  and  ceiling 
and  even  through  doorwa>'s  and  walls  is  to 
I>e  strongly  condemned  as  an  unsafe  and  whoUj- 
inexcusable  misuse  of  material.  The  use  of 
flexible  cord  b  limited  to  300  volts.  It  should 
not  be  used  to  support  lamp  clusters  as  thej- 
arv  not  capable  of  being  secured  well  enou^ 
V  under  binding  screws  to  hold  any  con^dnable 
weight.  The  or<linary  cord  should  be  used  only 
to  hold  lamps  which  under  all  usual  conditions 
hiing  fn^ly  in  air  and  which  are  not  hkely  to 
<■  moved  sufficiently  to  come  into  contact  «ith 
i'orii.bic  L.U1P  surrounding  objects.    In  brief,  thb  cord  is  for 

"ix-nilant"  use  imly  as  its  common  name  implies.  TTie  use  of  pen- 
diint  cord  for  roinforceil  cord  is  u  very  common  fault.  Ragged  half- 
bn>ken  lamp  conl  lying  nlwut  on  fl<Hirs  and  looped  over  all  kinds  ol 
supi>orts  constitutes  a  very  common  defect  in  installations,  otherwise 
j»crhai)s  in  fair  condition.  "Flexililc  cord  fires"  are  as  common  as 
might  Ik-  cxjK'Ctfd  from  the  frecjuent  misuse  of  this  form  of  wire. 

F<»r  all  |)ortabi('  work  including  those  pendants  which  are  liabk 
to  l>e  movc<l  about,  Honio  form  of  reinforced  cord  should  alwa>'s  Be 
employed.  In  these  the  ordinary  i)enfiant  cord  is  covered  either 
with  an  outer  rubber  jacket  and  a  stout  "over-all"  braid  or  where 
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the  exposure  to  injury  is  less  (as  in  offices  and  residences)  with  an 
outer  woven  bnud  only.  These  reinforced  cords  are  far  from  in- 
destructible and  should  be  frequently  inspected  and  renewed  before 
mn  accident  makes  it  absolutely  necessary.  The  use  of  all  kinds  of 
flenble  cord  in  show  windows  is  expressly  forbidden  by  the  Code, 
because  it  has  been  found  that  it  is  subject  to  exceptionally  hard 


usage  there,  and  more  especially  because  of  the  practical  certainty 
that  it  will  be  used  as  a  support  for  window  decorations  or  goods  of 
inflammable  nature  which  have  often  been  found  pinned  to  it  or 
supported  by  wires  strung  across  it.  A  special  kind  of  cord  ha\'ing 
a  metal  armor  is,  however,  allowed  in  show  windows. 
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In  connecting  flexible  cords  to  sockets,  rosettes  or  otiier  devices, 
special  attention  should  be  paid  to  seeing  that  all  the  small  copper 
strands  are  well  tucked  in  under  the  heads  of  binding  screws  and 
that  stray  ends  are  not  left  sticking  out  to  cause  short-circuits.  At 
all  places  where  cords  pass  out  of  sockets  or  other  fittings,  smooth, 
well-rounded  insulating  bushings  should  be  provided  and  a  knot 
should  he  tied  in  the  cord  inside  the  socket  cap  or  rosette,  so  that 
this  knot  will  take  the  strain  from  the  binding  screws.  Several 
special  little  fittiiifpt  for  this  purpose  are  also  on  the  market  aa  sub- 
stitutes for  the  knot.  Pendant  lamps  wherever  exposed  to  Lnjur>' 
or  at  all  liable  to  be  brought  into  contact  with  inflammable  material, 
and  all  portable  lamps  should  be  provided  with  substantial  wite 


Flit  hi.     llult  HuroGil  by  InFiBdumit  Lump  Bulb 

f^ards  such  as  arc  shown  in  Fig.  79.  Figs.  80  and  81  show  the  results 
of  carelessness  with  hanging  or  portable  incandescent  lamps. 

Arc  Lamps  on  Constant-Potential  Circuits.  Each  lamp,  or  each 
series  (if  liini])s,  nlioiild  l)c  separately  fused  and  the  branch  conductors 
should  have  a  ciirr\iiig  capacity  about  50  per  cent  in  excess  of  the 
current  re(|iiired  to  provide  for  the  heavy  current  required  by  the 
lamp  ill  starting  or  when  the  lamp  carbons  accidentally  become  stuck. 
If  tills  were  not  done  it  would  be  necessarj',  generally,  to  over*fuse 
the  wires,  wliicli  is  objcctioniiblc. 

Arc  lamps  are  of  many  patterns  but  all  of  them  contain  resist- 
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ances  w  regulators  which  become  very  hot  and,  therefore,  all  the  parts 
of  the  lamp  and  its  case  must  be  of  non-combustible  material  and 
must  be  treated  as  sources  of  heat,  that  is,  they  must  be  installed 
well  away  from  all  inBam- 
mable  stuff.  The  globes  and 
netting  about  the  carbons 
must  be  used  in  all  cases.  In 
general  the  resbtances  and  all 


other  accessories  of  the  lamp  except  the  controlling  switch  should 
be  contuned  in  the  lamp  case  itself.  Fig.  82  shows  a  modern  type 
of  enclosed  arc  lamp  and  its  mechanism. 

TTie  "flaming  arc"  lamps  now  in  common  use  call  for  the  same 
|«ecautions  as  the  older  patterns.    In  dusty  or  linty  places  special 
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precautions  must  be  taken  to  prevent  the  accumulation  of  tint,  etc., 
either  on  hot  resistances,  inside  the  lamp  or  on  the  switch  usually 
furnished  on  the  lamp.  In  ^ncral  the  same  rules  apply  to  mercury 
arc  lamps  as  to  the  carbon  arc  lamps,  except  that  the  former  do  not 
present  the  hazards  due  to  the  hot  carbon  points. 

TRANSFORMERS  IN  BUILDINGS 

Except  in  central  stations  and  substations,  an  outside  location 
for  transformers  is  always  preferable  and  the  underwriters  do  not 
allow  any  oil-cooled  trans, 
formers  in  buildings  except 
by  special  p^mission.  Tbk 
is  because  of  the  danga 
from  the  oil  which  may  be 
boiled  over  or  set  on  fire  in 
case  the  transformer  becomes 
overheated. 

Air-cooled  transformers 
ha\-ing  the  highest  voltage  of 
both  primarj-  and  secondary 
under  550  volts  may  be  in- 
stalled inside  buildings  if  the 
case  b  kept  at  least  one  foot 
from  combustible  material  or 
separated  from  such  material 
by  being  mounted  on  a  suit- 
able slab  <)f  slate  or  marble. 
Transformers  sometmies  be- 
come very  hot  in  case  of  a  partial  or  complete  burn-out  of  the  coib 
iir  from  overloading  and,  therefore,  should  never  be  mounted  di- 
rectly against  wcxhI  posts,  lieams,  or  walls.  Fig.  83  shows  a  com- 
mon tjix'  of  oil-cooled  transformer. 
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INSTALLATION  OF  WIRES  IN  BUILDINGS 

The  proper  choice  of  wires  and  their  safe  installation  con- 
stitutes the  most  important  part  of  all  electric  equipment  from  the 
viewpoint  of  the  fire  hazard.  It  has  already  been  stated  that  in  all 
dectric  work,  conductors,  however  well  insulated,  should  always  be 
treated  as  bare,  and  from  one  point  of  view,  it  may  be  said  that  the 
value  of  conductors  as  regards  safety  lies  in  their  insulation  rather 
than  in  the  copper,  for  if  we  assume  that  a  wire  of  adequate  carrying 
capadty  is  chosen  for  a  given  purpose,  there  remains  only  the  choice 
of  a  suitable  covering  or  insulation  on  the  wire  and  a  reliable  and  work- 
manlike method  of  placing  it. 

No  one  material  has  yet  been  produced  which  has  every  desir- 
able property  as  a  covering  and  insulation  of  electric  wires  and 
cables.  Among  the  desirable  properties  of  a  wire  covering  are 
dasticity,  flexibility,  waterproofness,  good  insulating  quality  and 
lenstanoe  to  voltage  strains,  resistance  to  effects  of  changing  tem- 
perature, acids,  vapors,  etc.,  and  permanence.  AH  of  these  prop- 
erties are  possessed  by  rubber  in  greater  or  less  degree  and,  all  told, 
to  a  greater  degree  than  any  other  material.  The  properties  of 
rubber-covered  wires  will  be  treated  at  greater  length  in  another 
plaoe,  the  foregoing  statement  being  made  here  to  emphasize  the 
reason  why  rubber-covered  wires  are  used  almost  exclusively  in  all 
inside  wiring. 

'*Slow  burning"  wire  is  a  copper  conductor  covered  vnth  three 
dosely  woven  cotton  braids  saturated  with  a  fire-resisting  compound. 
Its  use  is  limited  to  places  where  rubber  is  liable  to  be  rapidly  injured 
by  high  temperatures.  Its  insulating  value  is  slight  and  it  is  not 
cqwble  of  resisting  moisture. 
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'*\\Vathorproof"  wire  consists  of  a  copper  conductor  covered 
with  xhn'v  hraids  saturated  with  a  moisture-proof  compound.  Its 
insulating  vahie  when  new  is  low  (much  less  than  rubber)  and  it  b 
very  inflaniniahle.    Its  use  is  practically  confined  to  outdoors. 

In  the  follnwinp:  sirtions  it  may  be  assumed  that  all  references 
to  wire  mean  **rub!)er-<-()vertHi"  wire. 

Classification  and  Qeneral  Principles.  There  are  two  classes  of 
wiring  which  may  Ik^  named  for  convenience:  enclosed  wiring  and 
mm-encUntrd  wirinp. 

Wires  run  on  insulators  such  as  cleats  and  knobs  exposed  on 
walls  and  (rilin^s  or  on  knoKs  and  through  tubes  concealed  in  floors 
and  walls  art*  the  chief  tyi)es  of  non-enclosed  wiring.  It  will  be 
obsiTved  that  the  distinction  consists  in  the  presence  or  absence  of 
spt»cial  wire-ways  or  channels  for  the  wires.  Wires  must  not  be  laid 
in  plaster,  cement,  or  similar  finish,  In^cause  such  materials  may 
(*ontain  either  alkalies  or  acids  which  ^AW  injure  the  insulation  and 
cornMJe  the  copiKT.  Wires  must  never  under  any  ciECumstances  be 
fastened  with  staples  Ix'cause  of  the  prol>able  injury  to  the  wire 
coverings,  the  insecure  fastening  obtained,  and  the  possibility  of 
such  staples  airording  a  path  In'tween  wires  in  case  twin  oonductois 
are  used. 

Twin  wires  nuist  M(»v(»r  Ix'  ust»d  exct*i)t  in  conduit  or  where  flexible 
conductors  an*  ncc<'ssary.  The  nearness  of  the  two  wires,  on  the 
opi>ositc  sides  of  the  circuit,  n»nders  twin  wire  of  any  description 
somewhat  nion'  iialilc  to  failun'  and  an  injury  to  one  wire  generally 
involves  an  injury  to  hoth  with  n»sultant  wrtainty  of  a  short-circuit. 
The  added  safety  of  kt^*pinp  the  wires  of  a  circuit  separated  is  lost 
in  twin  wires. 

In  any  scIkmuc  of  wiring  it  is  essential  that  all  electric  wires  be 
inslalleil  so  that  they  cannot  eomc  into  contact  at  any  point  with 
any  materials  other  than  those  exprt^ssly  intended  for  their  enclosure 
or  support.  This  means  that  they  should  l>e  kept  absolutely  free 
from  contact  with  gas,  water,  or  other  piping,  and  from  all  metal 
work  of  any  description  unless  it  he  that  of  jnping,  Iwxing,  or  molding 
provided  as  wire  enclosnn's.  Wires  should  also  Ik*  installed  so  as 
not  to  touch  woodwork  or  other  combustible  material,  even  if  such 
material  is  not  a  go(Ml  conductor.  This  general  principle  finds  an 
exception  in'  the  case  of  wood  molding. 
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Contact  of  wires  with  metallic  substances  may,  in  case  of  a  failure 
rof  the  insulation,  permit  dangerous  arcs,  short-circuits,  or  grounds, 
while  contact  with  wood  or  combustible  material  is  objectionable  on 
account  of  setting  fire  to  it  in  case  of  overheated  wires  or  from  leakage 
due  to  the  presence  of  moisture  on  materials  which  when  dry  would 
be  good  insulators.  These  are,  therefore,  the  general  principles  of 
wiring  under  the  established  rules  and  will  be  illustrated  in  the  dis- 
cussion of  the  various  classes  of  wiring  which  follow. 

I  Open  Worit  in  Dry  Places.     Wires  in  open  work  may  be  either 

rubber-covered,  slow-burning,  or— special  and  now  little  used  wire 
having  a  weatherproof  braid  co\-<'red  by  a  slow-burning  braid — but 
as  a  matter  of  fact  (i[ii>'  rubbi-r-covered  wire  is  used  to  anj'  extent   ' 


I 


and  it  is  much  to  be  preferred  except  in  exceptionally  hot  places  as 
over  steam  boilers,  where  rubber  insulation  will  deteriorate  very 
rapidly.  The  rubber-covered  wire  used  for  open  work  has  a  single 
braid  over  the  rubber.  TTie  chief  advantages  of  open  work  are  its 
cheapness  and  its  accessibility.  The  latter  may  be  of  great  advantage 
in  cases  where  frequent  changes  and  additions  are  likely  to  be  re- 
quired or  where  renewals  of  wire  are  frequent  because  of  peculiarly 
unfavorable  conditions  such  as  exist  in  packing  houses. 


PoroUin  Tvo-Win  Cl«t 
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Open  work  6nds  its  chief  use  in  mills  and  factories  and  for  Urge 
oonductors  which  it  b  especially  difScult  and  expensive  to  enclose  in 
conduit,  fig.  84  shows 
an  example  of  a  set  of 
large  feeders  run  exposed 
on  insulators.  It  should 
be  noted  that  such  a 
large  group  of  heavy 
cables  covered  with  the 
inflammable  braid  wad 
rubber  insulation  fur- 
nishes a  verj'  considerable  amount  of  fuel  for  fire  and  the  necessity 
for  excellent  spadng  and  reliable  fastening  is  ob\'iou3.  The  heavy 
porcelain  blocks  carried  in  metal  frames  as  shown  in  the  illustra- 
tion are  of  an  approved  t^-pe.  In  all  open  work,  wires  or  cables 
must  be  rigidly  supported  on  non-combustible,  non-absorptive 
insulators.  Formerly  wood  cleats  were  used  but  these  ai«  now 
obsolete  and  have  been  replaced  by  porcelain.  Where  the  voltage 
is  less  than  .300  volts,  wires  must  be  separated  ht>m  each  atha  at 
least  2)  inches  and  from  the  surfaii?  wired  over  at  least  }  inch  in  diy 
places — in  damp  places  at  least  1  inch.  For  voltages  from  301  to 
550  volts,  the  limit  for  "low-potential  systems,"  the  wires  must  be 
kept  4  inches  ajiart  an<l  1  inch  from  the  surface  wired  over. 

The  neutral  wire  of  an  Eflison  direct-current  three-wire  sj'stem 
(110-220  volts)  may  be  placed  in  the  center  of  a  three-wire  cleat 


Flj.  80.     Porcelain  One-Wi 


Pi«.  87.    PoieeUin  One- Win  CiMt 


which  will  keep  the  twn  outsitie  wires  2}  inches  apart.    Rg.  85  shows 
the  form  of  a  porcelain  two-wire  cleat  and  Figs.  86  and  87  show  good 
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foniis  of  one-wire  cleats  for  heavier  conductors.  No.  6  wire  is  about 
the  largest  which  should  be  installed  in  cleats  like  those  in  Fig.  85, 
and  for  cables  larger  than  No.  0000  6.  St  S.  gauge,  some  form  of  iron 
rack  for  the  insulators  is  desirable  in  order  to  secure  the  needed 
mechanical  strength  and  ri^dity. 

The  rigid  supporting  necessary  for  open  wiring  requires  under 
ordinary  condidons  along  flat  surfaces,  supports  at  least  every  4) 
feet  This  distance  should  be  decreased  wherever  wires  are  liable 
to  be  disturbed  especially  if  the  wires  are  small.  The  following 
comment  is  from  the  Rules  of  the  Associated  Factory  Mutual  Rre 
Insurance  Companies: 

The  proper  dutance  between  insuUtora  depends  largely  on  the  lur* 
roundinge.    In  plaoea  where  ceilinga  are  low,  or  where  belta,  ahafting,  or  other 


Fic.  SB.    Wlrist  OD  Cdliat  Sbowina  Uw  of  Btnin  Innilatan 
machinsy  may  require  frequent  attention,  insulators  should  be  placed  every 
few  feet,  in  order  to  prevent  the  wires  from  being  displaced  by  careless  or 
unavoidable  blows  from  workmen.    On  the  other  hand,  with  a  high  cdling 
and  no  chance  of  derangement,  a  greater  distance  would  be  allowable. 

The  whole  idea  is  to  so  rigidly  secure  the  wires  that  they  cannot  come 
in  contact  with  each  other  or  any  other  conductors,  if  loosened  by  shrink- 
age of  timbers  and  Soon  or  by  careless  knocking. 

Special  methods  must  be  followed  at  comers  and  in  wiring  over 
broken  surfaces  as  on  ceilings  of  mitl-constnicted  buildings.  Fig. 
88  shows  a  use  of  "strain  insulators"  in  making  a  turn  on  a  ceiling. 
Tliese  are  insulating  balls  having  rings  set  in  each  side,  the  wire 
bring  looped  through  one  ring  and  the  hook  on  the  beam  through 
the  other.    Tumbuckles  may  be  used  to  keep  the  wires  taut.    Ordi- 
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nary  olrats  wilt  not  hnld  hea\->-  nires  at  comers.  With  cooducton 
of  No.  S  n.  &  S.  gaufce  or  over,  it  ix  not  necessai>-  to  "break  around" 
,  beams  but  smaller  wires  should 


Pif.  <i9.     Appn.v.-.!  Mi'thiKt 


-  be  carried  around  the  beams 
as  shown  in  Fig.  89.  Tix 
cleats  on  the  ceiling  should  be 
set  off  from  the  timbeis  3  or  4 
inches.  If  they  are  closer,  the 
shrinkage  of  the  timber  or 
rough  usage  is  liable  to  bring 
the  U'irt's  into  contact  with  the  timber.  On  the  other  hand  if  the 
distance  is  greater,  the  wires  are  too  much  exposed  to  injury  from 
briNtnis,  ladders,  and  the  like.  With  this  arrangement  any  slack 
wire  i-uii  Ir-  taken  up  by 
movinf;  the  cleats  a  lit- 
tle n<'arfr  the  corner. 
When"  In-aiiis  are  wi<lcly 
siiacfd  some  such  method 
of  supiMirt  us  that  shown 
in  Fifi.  *K)  Mhoiiid  \^e  fol- 
lowef).  Fin-  in  shows  a 
li-ss  desirable  nietluHl  of 
siipiM)rl,  In  liiw  iriliiij;  rooms  wliere  wires  are  exposed  to  mecbui- 
ciil  injury,  wihiil  ^'liird  strij^  ( sec  Fig.  92 )  may  be  used  to  ad- 
^antaja'.  When-  wires  iwss  tlmmgh  partitions  or  walls  they  must 
be  im)tected  li\'  tuln's  of  i)i>rceluin  or  iron  pipes  lined  with  flenble 
tuhiiif;' 

Win-s  on  side  walls  must  l)e  protected  from  injury  to  a  height  of 
at  least  .'>  feet  fniiii  the  floor  either  by  wood  boxing  or  by  iron  pipe  u 
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shown  iti  I''i(pi.  'Xi  anil  94.    Wlien  iron  pipe  or  conduit  is  used  the 
insuktiuii  of  caeli  wire  must  be  reinforced  by  flexible  tubing  extead- 
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ing  from  the  insulator  next  below  the  pipe  to  the  one  next  above  it 
(see  Rg.  93).  For  alternating  current  both  wires  of  the  circuit  must 
be  in  the  same  pipe. 

Open  Wiring  In  Damp  Places. 
Ilie  installation  of  electric  wires 
in  places  exposed  to  dampness 
presents  some  peculiar  difficul- 
ties requiring  special  methods. 
A  film  of  water  such  as  may  be 
framed  by  steam  or  otherwise 
by  condensation  is  a  very  fair 
conductor  of  electricity,  and  may  reduce  or  even  entirely  destroy 
insulation  which  would  be  quite  adequate  in  dry  places.  Acid  or 
alkaline  fumes  or  vapors  are  also  good 
conductors  in  some  cases  and  in  addition 
they  are  Uable  to  injure  both  the  insula- 
tors and  the  copper  of  electric  wires. 


rif   93*   Wood   BouDC  u   Protei 


or      ire.  oc        B  .  ^^^  p.^._^^ 

In  paper  mills,  breweries,  soap  factories,  paokiiip  he 
works,  and  cold  storage  rooms  special  pains  must  he  taken 


ft^fcr   mills,   urcwciica,  ou«p  iin;ii.iiica,  inn.n.iii(t  housCS,  dye 
d  cold  storage  rooms  special  pains  must  he  taken  to  insure 
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permanence  and  reliability  of  all  electric  fittings  and  appliances. 

The  Code  does  not  prescribe  at  length  precautions  to  be  taken 
in  damp  or  otherwise  exceptionally  troublesome  places,  but  mcnlf 
spedfies  for  open  wiring  that  only  rubber-cov'ered  wire  be  uaed  and 
that  the  separation  between  wires  shall  be  at  least  2\  incba  (or 
voltages  up  to  300  volts  (4  inches  for  bighn  %t>ltage3)  and  that  all 
wires  be  kept  /  inch  from  surface  wired  over  instead  of  <miy  )  iiidi 
as  in  dry  places. 

There  are  two  objections  to  the  use  of  steel  conduits  m  damp 
places,  fimf,  that  all  metal  work  is  especially  liable  to  cf»Tosion  even 
when  welt  enameled  or  galvanized;  and  aeeond  and  mxrre  importtad. 


< 'urrnd.'d  Koivllp  Improperly  M< 


that  water  is  apt  to  collect  in  the  pipes  and  gradually  deteriorate  the 
insulation.  This  water  results  from  moisture  condensed  from  the 
air  (luring  chaii(??s  in  the  temperature  and  amount  of  water  vapor 
present  in  the  atmosphere.  This  condensation  is  often  sufficient  to 
be  viT>-  troublesome  and  often  leads  to  the  adoption  of  open  wiring  of 
special  forms  rather  than  a  complete  conduit  installation.  Usually 
conduit  is  usetl  in  the  more  ex|K)seil  or  crowded  places  only  and  in 
such  parts  of  the  plant  as  are  less  liable  to  dampness. 

In  many  breweries,  packing  houses,  and  other  plants,  walls  and 
ceilings  are  continually  dripping  with  water  and  in  some  factories 
fumes  and  vapors  are  present  in  large  quantities  at  all  timea.    A 
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fairly  good  solution  of  the  problem 
is  possible  where  only  water  is  to 
be  guarded  against,  but  where  cor- 
ro^ve  vapoTS  exist,  no  thoroughly 
satisfactory  method  has  been  de- 
vised to  resist  indefinitely  the  cor- 
rosive actions.  A  good  asphaltum 
paint  will  protect  cabinets  and  con- 
duits for  a  time  and  frequent  re- 
painting will  extend  the  life  of 
these  parts  of  the  equipment  for  a 
con^derable  period.  It  is  evident 
that  current-carrj'ing  metal  parts 
should  be  enclosed  in  tight  boxes 
wherever  feasible  and  very  frequent 
and  thorou^  reinspections  of  the 
entire  equipment  should  be  made 
followed  by  renewals  as  faults  de- 
velop. Fig.  05  shows  the  corrosion 
on  a  rosette  improperly  mounted. 
In  rooms  where  dampness  is 
excessive  the  wires  are  sometimes 
run  open  in  inverted  wood  troughs, 
one  form  of  which  is  shown  in  Fig. 
96  and  in  detail  m  Fig.  97.  This 
trough  oaves  to  separate  the  wire- 
way  entirely  from  a  wet  ceiling  and 
the  sloping  surfaces  serve  to  carry 
the  moisture  away  from  the  knobs 
on  which  the  wires  are  held.  The 
V-shaped  blocks  are  spaced  about 
4)  feet  apart  and  care  is  taken  to 
make  a  close  joint  where  the  run- 
ning boards  come  tt^jiether  at  the 
top.  The  whole  is  thoroughly 
painted  with  an  insulating  paint. 
Fig.  98  shows  open  wiring  on  flat 
running  boards  for  moderately  damp  places  like  basements  or  cellars. 
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All  drop  cords  should  be  of  extra  heavy  reinforced  type  or  of 
standard  rubber-covered  wire  and  only  weatherproof  keyless  sockets 
should  be  used  with  all  wire  joints  soldered,  taped  and  painted  in 
the  best  manner.  Motors  and  their  resistance  boxes  or  starters 
should  be  kept  out  of  damp  rooms  if  possible  but  if  in  such  rooms, 
they  should  be  installed  with  special  reference  to  accessibility, 
cleanliness,  and  separation  from  wet  floors  or  walls.  Posts  in  middle 
spaces  of  rooms  will  generally  afford  better  locations  than  side  walls, 
which  are  always  wet.  Wood  cabinets  lined  with  slate  or  with  stiff 
asbestos  board  are  preferable  in  many  wet  places  to  metal  enclosures 
if  they  are  kept  well  painted  inside  and  out  with  an  asphalt  or  in- 
sulating paint.  A  single  incandescent  lamp  in  such  cabinets  if  kept 
constantly  burning  will  tend  to  keep  the  interior  of  the  box  dry,  if 
the  box  is  tight  and  if  the  door  is  kept  closed.  Such  cabinets  may 
wdl  have  a  glass  panel  in  the  door  to  show  the  lamp  and  incidentally 
to  mark  the  location  when  the  room  is  dark. 

Wires  in  Molding.  Wood  Molding.  Wood  molding  is  one  of 
the  oommonest  forms  of  protection  for  wiring  and  when  properly 
used  affoids  a  cheap  and  fairly  satisfactory  installation.  From  one 
point  off  view  it  seems  inconsistent  to  take  every  precaution  in  other 
forms  of  wiring  to  keep  wires  away  from  direct  contact  with  wood 
surfaces,  sudi  as  ceilings  and  walls  and  hidden  spaces  in  frame  par- 
titions and  floors,  and  on  the  other  hand  to  permit  them  to  be  run 
in  small  grooves  in  strips  of  wood,  as  in  molding  work.  The  solution 
to  this  somewhat  theoretical  objection  is  found  in  the  fact  that  in 
molding,  the  wires  are  completely  enclosed  in  a  wire-way  especially 
deagned  far  them,  rather  than  allowing  them  to  hang  or  be  drawn 
over  wood  objects  in  a  more  or  less  accidental  manner  with  no  real 
prolecticMiy  and  a  still  better  solution  is  to  be  found  in  the  unques- 
tionable fact  that  experience  has  proven  the  use  of  molding  under 
proper  omditions  to  be  satisfactory. 

Wood  molding  should  never  be  used  in  concealed  spaces  or  in 
damp  places  or  for  voltages  over  300.  The  rule  as  to  damp  places 
pfedudes  its  use  in  cellars  and  basements,  an^'where  out-of-doors 
and  generally  on  outside  brick  walls  which  are  often  more  or  less 
damp  and  likely  to  "sweat"  and  thus  introduce  moisture  back  of  the 
molding.  K  the  wood  molding  becomes  soaked  with  water  there 
is  a  liability  of  leakage  of  current  from  one  conductor  to  the  other  or 
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to  "Kniuiifl."  If  mndurtftn  in  molding  become  overheated  by 
exi¥ss  (-urrent  tliv  wcmmI  may  become  charred,  and  charred  wood  is  a 
fair  coiiftuctor.  The  passibility  of  fire  from  such  a  cause  is  e\idecL 
Molding  should  be  made  of  hard 
wood  and  should  be  thoiougfaly 
impr^inated  inside  and  out  with 
a  pfunt- or  moisture-repellant.  It 
must  be  made  in  two  ineces,  a 
backing  containing  the  vin 
grooves,  and  a  capping.  The 
toiifiiic  iM'tU'ti-it  wires  must  I>e  at  least  )  inch  thick  and  the  wood 
undor  the  jh^kivcs  must  Ik-  at  least  |  inch  thick.  Figs.  99  and  100 
^ve  the  forms  of  two- 
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and  three-wire  moldings. 
Larger  moldings  are 
sometimes  used  for 
heavier  wires  but  genei^ 
ally  only  small  condiuv 
tors  are  placed  m 
ih1  iiioldiiiKs.  Only  piMxl  nihl)er-c«vered  wire  should  be  used 
I  no  jniiits  or  splices  made  in  the  wires  in  the  molding, but  where 
iK-li  Ui|is  ure  n<'ii>>ary  some  fiirm  of  fitting  approved  for  the 
piir)K)se  should  be  employed.  Such 
fittings  as  the  one  shoft-n  in  Tig. 
101  provide  porcelain  bases  with 
suitable  binding  screws  for  the  miin 
and  the  branch  wires  and  a  com 
over  the  joints. 

A   large   variety  of   receptadw 
(both  for  lamps  and  plug  conIle^ 
tors),  rosettes,  etc.,  are  availaWefor 
use  with  wood  molding  and  should 
1)0  use<l  instead  of  the  ordinarj"  pat- 
terns.   \N"here  it  is  desired  to  insert 
' '"     a  snap  switch,  either  a  special  switch 
up[>n)ved  for  mounting  directlj'  on 
>ms<-  iif  {Mircelain  or  hard  wood  on  which 
fil^•tened  should  be  employed. 


^ 
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Wood  molding  is  often  used  in  connection  with  other  types  of 
vriring  and  in  such  cases  special  attention  should  be  given  to  making 
a  good  mechanical  job  where  the  conductors  enter  or  leave  the  mold- 
ing. Fig.  102  shows  one  form  of  protector  for  use  in  protecting 
wood  molding  at  floor  levels.  The  capping  should  be  carefully 
and  tightly  nailed  in  place  and  under  no  circumstances  should  fix- 
tures be  attached  to  molding  or  any  hooks  or  nails  be  driven  into  it 
for  the  support  of  lamp  cords  or  other  objects.  The  use  of  wood 
molding  in  show  windows  is  undesirable :  ^r«f,  because  of  the  damp- 
ness apt  to  exist  there;  and  second,  because  in  the  process  of  decorat- 
ing  windows  and  arranging  displays  of  merchandise  nails  will  surely 
be  driven  into  the  molding  with  resultant  injury  to  the  insulation  of 
the  wires. 

In  conclu^n,  it  may 
be  said  that  wood-molding 
work  is  cheap  and  may  be 
used  properly,  but  b  in- 
ferior to  most  types  of  wir- 
ing. 

Metal  Moldw{f.  Re- 
cently several  types  of  metal 
mMing  have  been  intro- 
duced which  are  free  from 
some  of  the  objections  ad- 
hering to  wood  molding, 
and  make  possible  a  neat,  inexpensive,  and  convenient  installation. 
In  these  moldings,  as  in  those  of  wood,  the  wire  is  laid  in,  not  drawn 
in  as  in  conduits,  and  is  covered  by  a  metal  capping.  At  present  the 
underwriters'  rules  limit  its  use  to  circuits  requiring  not  more  than 
660  watts  of  energy. 

Special  fittings  are  provided  for  angles,  bends,  taps,  and  crosses, 
and  for  switch,  rosette,  and  receptacle  bases.  The  molding  can  be 
bent  for  slight  curves  or  offsets  and  when  carefully  installed  pves 
good  results.    Fig.  103  shows  such  a  molding  and  fittings. 

Metal  molding  must  be  continuous  from  outlet  to  outlet  and 
where  it  passes  through  floors  it  must  be  enclosed  in  an  iron  pipe  for 
added  protection.  The  backing  must  be  secured  by  screws  or  bolts 
with  heads  countersunk  so  as  not  to  obstruct  the  wire-way.    Between 


Fis.  102.     MatiliD«  PrDtectioD  at  Floor  Laval 
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lenf^ha  of  molding  and  at  all  fittings  and  outlet  boxes  the  joints  must 
be  mechanically  and  electricall>'  secured.  The  fundamental  idea 
in  to  secure  an  absolutely  continuous  metallic  conductor  throughout 
the  entire  run  of  molding  and  in  addition  the  molding  must  be  well 
gn)tmded  in  a  permanent  manner.  In  this  respect  the  molding  is 
regarded  in  the  same  light  as  ri^  metallic  conduit.    The  reasons 


1.  103.     Mii^il  M. 


for  requiring  pood  electrical  continuity  and  grounding  will  be  ex- 
plained later  when  the  subject  of  conduit  is  considered. 

Concealed  Work.  This  kind  of  wiring  is  also  often  called  "knob 
and  lulie"  work  since  the  wires  are  held  on  knobs  and  passed  throu^ 
tuljes  of  porcelain.  The  j^reat  advantage  of  this  method  of  wiring 
consists  in  tlie  cheapness  iind  ease  with  which  a  building,  especially 
a  frame  biiildiiif:.  can  !«■  wired.  The  greatest  objection  to  the  knob 
and  tube  work  lies  in  the  fact  that  the  wires  are  wholly  unprotected 
from  mechanical  injury  and  tlie  ituilding  is  not  protected  from  the 
results  of  arcing  l>ctween  wires  in  case  of  a  cross  or  short-circuit 
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Eiuon  IS  careiuiiy 

Bibly  good  result  ^^^^fll 
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It  is  no  doubt  true  that  knob  and  tube  wiring  is  the  least  reliable 
form  of  electric  work  and  inferior  to  good  conduit  or  armored  cable. 
Where  wires  can  be  run  open  and  are  not  exposed  too  much  to 
mechanical  injury,  they  are  probably  somewhat  safer  than  when 
concealed  on  porcelain  supports  in  walls,  floors,  and  partitions.  Open 
wiring  b  not  possible  in  residences  or  where  good  appearance  is  a 
requisite,  and  the  somewhat  greater  cost  sometimes  prevents  the 
use  of  conduit.  Therefore,  recourse  is  made  to  concealed  wiring  and 
where  an  installation  is  carefully 
made  a  reasonal 
may  be  obtained, 
concealed  work  is  entirely  for- 
bidden within  "fire  limits",  that 
is,  in  the  closely-built  sections, 
but  it  is  still  very  extensively 
employed  in  places  where  first 
cost  and  quickness  of  installation 
are  the  prime  factors.  Only 
good  rubber-covered  wire  is  al- 
lowable in  concealed  work.  ' 

Approved  Instattatwn  in  a 
Residence.  The  wiring  of  a  resi- 
dence may  be  taken  as  an 
illustration  of  how  the  work 
should  be  done.  The  service 
wires  are  brought  in  through 
the  wall  near  the  ground  pre- 
ferably in  iron  conduit  but  allowably  through  bushings  with 
drip  loops  outside.  Fig.  104.  As  near  as  practicable  to  the  point  of 
entrance  is  placed  the  main  service  fuse  and  switch.  These  should 
be  in  a  suitable  cabinet  though  this  is  not  obligatory.  It  should  be 
understood  that  the  wiring  is  placed  during  the  erection  of  the 
building.  In  an  ordinary  frame  building  the  wiring  will  be  done 
just  after  the  rough  flooring  and  the  partition  studding  has  been 
placed,  but  before  the  lathing  or  any  plastering  is  done.  It  should 
all  be  completed  except  the  final  connection  of  service  wires,  fixtures 
and  fittings  before  any  of  it  is  enclosed  or  hidden,  so  that  inspection 
may  be  made  while  all  parts  are  accessible  and  visible. 


Fig.  104.      Approved  Wiring  System 
on  Entering  Building 
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From  the  service  cabinet  and  meter  as  many  drcuits  are  run  as 
may  be  required  to  feed  the  lamps  and  otber  devices  to  be  connected, 


Fie.  lU-^-     Knob  i 


d  Tub«  Wiriu  i%  Floar 


each  beinf!  fused  at  thescrvicf  center  unless  there  Utk>  change  at  that 
point  in  the  size  of  wires.  These  circuits  will  pass  up  through  the 
fioor  within  j)«r(t'liiiri  tuln-s  and  will  thence  be  carried  on  porcehin 
knobs  fnstcin.fl  to  tlie  tirnlRTt  and  studding  not  more  than  4i  (eet 
upart.  Where  the  wires  pass  through  floor  timbers,  porceUin  tubes, 
strniglit  iind  smooth,  must  \k  used  in  holes  bored  in  the  wood  and 
just  lar^  enough  for  the  tubes.  In  general  n-e  may  say  that  knobs 
are  used  where  the  vats 
run  parallel  with  floor 
beams,  and  tubes  vhrre 
the  wires  are  run  at  ri^ht 
angles  to  the  beams. 
Fig.  105  shows  the  gen- 
eral method  and  Fig-  llW 
illustrates  a  two-piece 
knob  of  common  tj-pe. 
These  arc  pnftTJiMe  to  onf-piecc  knobs  with  which  a  tie-wire  is 
necessary.  The  wires  slioulii  pn-ferably  U'  run  singly  on  separate 
timbers  or  studding,  and  must,  except  as  noted  below,  be  kept 
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are  used,  metal  boxes  are  absolutely  necessary  and  in  Fig.  108  several 
such  boxes  are  shown  as  well  as  the  method  of  mounting  them  on 
cross  strips  between  the  uprights.  This  illustration  shows  also  an 
allowable  use  of  flexible  non-metallic  tubing  on  wires  in  concealed 
work  where  it  is  impracticable  to  maintain  the  «5-inch  separation. 

Fig.  109  shows  at  the  bottom  the  extra  ])orcelain  tube  which 
ahould  be  put  on  each  wire  passing  through  timl)er  at  tlie  bottom  of 
a  idastered  wall  to  protect  it  from  the  droppings  of  wet  plaster  which 
will  faU  on  it  during  the  process  of  closing  in  the  wall  surface.  This 
picture  also  shows  very  clearly  the  flexible  tubing  which  must  sepa- 
rately enclose  each  wire  at  every  outlet,  reaching  from  the  lust  porce- 
lain support  into  a  switch  box,  or  on  ceiling  or  wall  outlets,  where 
no  box  is  used,  at  least  1  inch  beyond  the  surface.  In  the  case  of 
combination  gas  and  electric  fixtures  the  tube  must  extend  at  least 
flush  with  the  outer  end  of  the  gas  ])ipe  as  in  Fig.  110. 

When  in  a  concealed  knob  and  tube  system,  it  is  impracticable 
to  place  the  whole  of  a  circuit  on  non-combustible  support  of  glass 


Fig.  110.     Section  Through  Flour  Showing  Uac  uf  TubiuK  or  Luum 


or  porcelain,  that  portion  of  the  circuit  which  cannot  l)e  so  supported 
must  be  installed  with  approved  metal  conduit,  or  approved  armored 
cable,  except  that  if  the  differt»nce  of  potential  lK.*twwn  the  wires  is 
not  over  300  volts,  and  if  the  wirt»s  are  not  exi)ose(l  to  moisture,  they 
may  be  fished  if  separately  encaswl  in  approved  flexible  tubing,  extend- 
ing in  continuous  lengths  from  ]M)rcrehiin  support  to  porcelain  sup- 
port, from  porcelain  support  to  outlet,  or  from  outlet  to  outlet. 

There  cart,  of  course,  be  no  asfturancc  that  ifiwh  fiahed  wires  do  not 
lie  in  close  contact  with  gas  or  water  pii>es,  or  other  wires,  and  so  there 
iff  need  of  the  protecting  tubing. 

In  judging  an  installation  of  wires  in  coiu^ealed  work,  special 
attention  should  be  paid  to  the  wire  joints.  The  rules  allow  these 
to  be  made  in  concealed  spaces  by  means  of  soldered  joints  well 
covered  with  both  rubber  and  friction  tape.    The  wiring  is  usually 
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on  the  s(>K^Ile<]  "tap  plan."  that  is,  taps  or  branches  taken  off  wher- 
ever (itnvenk'nt.  The  neifssity  for  good  workmanship  is  evident 
us  bad  jtiiiits  may  easily  set  fire  in  drj'  flocv  and  wall  spaces.    Fig. 


1 1 1  sluiws  siii-li  a  dffcftivi-  joint  which  was  found  l»ehind  a  lath-and- 
pliistiT  partition.  Tlic  joint  wa>  nut  taix-d  and  was  hot  when  dis- 
cirtvrcd.  What  is  ciillcil  tiu-  "l(Ki|)-i»!an"  is  occasionally  employed, 
all  joints  or  tai)s  In-in^'  made  at  outlets  where  suitable  boxes  are 
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provided.  This  involves  the  use  of  more  wire,  makes  the  conditions 
st  outlets  mote  crowded,  and  is  perhaps  not  as  good  for  concealed 
vork  under  the  conditions  usually  obtainable.  Either  system  is 
pennitted  by  the  rules. 

Armored  CaMe.  Armored  cable  for  interior  wiring  consists  c^ 
double-braided,  rubber-insulated,  twin  wires,  covered  with  a  spiral 
steel  strip  armw  which  protects  the  conductors  from  injury  and  is 
at  the  same  time  flexible.  It  ia  largely  used  in  wiring  old  buildings 
since  it  can  be  drawn  into  concealed  spaces  without  fear  of  injuring 
the  contjuctors.  It  is  also  used  for  new  work  and  is  in  some  ways 
easier  and  cheaper  than  ri^d  conduit.  Fig.  112  shows  a  piece  of 
twin-conductor  house  cable  and  some  of  the  fittings  for  use  with  it. 


Fit.  113.    Annond  CMe  and  Fittinci 

AVith  armored  cable  all  joints  must  be  made  at  outlets  or  in  cabinets 
or  junction  boxes  which  are  always  accessible.  No  taps  or  joints 
are  permissible  except  at  such  outlets  or  boxes.  Great  care  should 
be  taken  to  secure  the  armor  very  firmly  to  all  outlet  boxes  in  a  way 
to  give  a  good  connection  both  electrically  and  mechanically,  and 
the  armor  system  must  be  permanently  and  reliably  grounded.  Where 
dampness  may  be  expected  there  must  be  a  lead  sheath  between  the 
braided  wires  and  the  outer  armor  since  the  cable  is  not  thoroughly 
mcHsture-proof. 

Armored  cable  installations  are  superior  to  molding,  open  work, 
or  concealed  work,  in  that  the  wires  are  better  protected.  The  fact 
that  twin  wire  is  used  instead  of  separate  conductors  is  at  least  a 
theivetical  disadvantage,  and  the  cable  unless  leaded  is  not  absolutely 
wateriMtiof. 
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The  rliicf  clisadviintafcpfi  of  armored  cable  as  conqwred'  «^- 
Txgid  f-oiifliiit,  Muisist  in  thr  snmewhat  greater  difficulty  of  i 
HtHxl  (i)iiii(t-ti(uis  to  the  nrnior  at  outlets  and  still  man  in  t^;^ 
IMKisihility  of  HruwiiiK  out  wires  winch  have  proved  defecUve. 
vvvT,  for  many  pliurs  a  thtirouRhly  fpxHl  job  can  be  done  with  i: 
rahle.    Fij;.  1 1:{  shows  it  charHeteristic  piece  of  work  of  this'SCCt.' ' 

Conduit  Work.  The  earlier  forms  of  conduit  for  interior  wirnif 
were  made  of  paper  or  fiber  and  later  of  paper  «Hth  a  thia  farpn 
casinfc  but  these  forms  are  now  obsolete  and  entirely  displaced  by 
steel  eonduJLs  made  of  either  rigid  pipe  or  flexible  steel  spirals.  A. 
limited  use  is  still  made  of  a  form  of  conduit  having  a  st«l  pipe 


lini'il  with  a  heavy  puiHT  iniprcKnated  with  some  material  toexdnde 
nmislurr.    T)ii->  is.  however,  K<>in^  out  of  use  and  almost  all  condmt 
work  is  niiw  dmif  with  nnlined  pijx'.    Conduit,  however,  differs  from 
oriiiriiiry  coiiiniiTiiiil  pi]M'  such  iis  is  use<l  for  gas,  water,  or  stean^ 
ill  tliat  it  i■^  I'iintiilly  ili-iiiii'd  in  the  pnH-ess  of  manufacture  and  then 
priiicctiii  Irimi  rnst  tiotli  inside  luid  outside  by  a  good  baked  «ilB||;^. 
or  by  >onii'  fiTUi  of  /.inc  loatliiK.     IHgid  triiiduit,  Rg.  114;  giyi^^^ 
rather  mope  wurkinanlike  jolt  x\u\i\  tlixi'hle  nmdiiit.  Fig.  115,  butt|lf^ 
latter  can  Ik-  iisei]  in  M>rn('  places,  es|M?cially  in  old  buildings  wbeit 
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the  use  of  rigid  pipe  would  be  impossible.  If  well  fastened  at  all 
outlets  and  at  all  bends  it  affords  a  protection  to  wires  second  only 
to  the  rigid  conduit.    The  complete  protection  afforded  by  conduit 


Fig.  114.     Rigid  Conduit 

both  of  the  wires  from  mechanical  injury,  and  of  the  surrounding 
parts  of  the  building  from  fire  resulting  from  a  burn-out  of  the  wires, 
makes  conduit  work  undoubtedly  the  safest  form  of  electrical  in- 
stallation and  one  which  is  becoming  more  and  more  used,  not  only  in 
the  more  expensive  type  of  buildings  but  also  in  cheaper  work  as  well. 

The  essential  principle  of  conduit  work  is  to  furnish  a  complete, 
strong  and  unbroken  metal  enclosure  for  conductors  between  outlets 
and  to  give  to  this  metal-pipe  system  an  electrical  continuity  and 
carrying  capacity  sufficient  to  serve  as  a  safe  path  for  any  current 
which  the  failure  of  conductors  within  may  impose  upon  it,  for  a 
time  long  enough  to  operate  the  fuses  or  circuit  breakers  protecting 
such  conductors.  It  is  also  an  essential  characteristic  of  a  correct 
conduit  installation  that  all  conductors  can  be  drawn  in  after  the 
entire  conduit  system  is  put  into  position  and  can  at  any  subsequent 
time  be  dravm  oiU  in  case  any  wire  fails  and  must  be  replaced. 
These  fundamental  ideas  will  explain  the  reasons  for  most  of  the 
detaib  prescribed  in  underwriters'  rules  for  conduit  work. 

The  construction  details  of 
steel  conduit  will  be  briefly 
discussed  later  and  we  consider 
here  only  methodsof  installing  it. 

There  must  be  no  breaks  in 
the  conduit  system,  that  is,  the 
pipe  must  be  continuous  from 
outlet   to   outlet    or    junction 

boxes.     At  every  outlet  metal  p.^  ,,,    ^^^^^.^  Condui 

boxes  must  be  provided  which 

the  conduits  must  properly  enter  and  to  which  they  must  be  me- 
chanically secured.    This  is  usually  accomplished  by  means  of  either 
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threaded  lock  nuts  on  the  pipe  outside  the  box  and  threaded  bushings 
on  the  pipe  inside  the  box  or  by  threading  the  conduit  into  tai^Kd 
holes  in  the  box.  With  flexible  conduit  a  special  approved  clamp  must 
be  used  for  this  purpose.  Fig.  116  ahavs  a  box  with  a  rigid  conduit 
on  one  side  and  a  flexible  conduit  on  the  other  side  together  with  a 
few  of  the  fittings  used  in  connection  with  it.  Xo  conduit  having 
an  internal  diameter  less  than  I  inch  b  allowable  since  this  b  as 
small  as  will  permit  wires  of  required  minimum  size  to  be  drawn  in 
n-ithout  injury. 

All  elbon-s  and  bends  in  the  piping  must  be  so  made  that  the 
conduit  will  not  be  injured  and  there  should  not  be  more  than  the 
equivalent  of  four  quarter  turns  from  outlet  to  outlet,  not  counting 
bends  at  the  outlets  themselves.  If  more  turns  are  required,  or 
wherever  it  would  be  difficuh 
to  draw  in  the  wires,  addi- 
tional outlets  called  junc- 
tion- or  pull-boxes  should  be 
put  in  to  facilitate  the  inser- 
tion of  the  wires.  There 
should  be  no  sharp  edges, 
burrs  or  other  obstructions 
either  in  conduits,  at  coup- 
lings between  lengths,  or  at 
outlets,  as  they  are  apt  to 
injure  the  wire  coverings. 
Therefore,  all  ends  of  pipe 
should  be  reamed  out  before 
they  are  put  into  the  pipe 
couplings  or  into  boxes,  and 
all  bushings  should  have  smoothly  rounded  edges. 

The  entire  c-onduit  sjstem  must  be  installed  complete  and, in 
fact,  all  tlie  mechanical  work  on  the  building  must  be  completed  as 
far  as  possible,  before  any  conductors  are  drawn  into  the  conduits. 
Pains  must  be  taken  to  make  all  joints  tight,  so  that  there  will 
be  no  bad  electrical  connections  between  parts  of  the  metal  system. 
It  is  not,  of  course,  expected  that  under  normal  concUtions  the  con- 
duits will  carry  any  current,  but  under  some  circumstances  if  the 
insulation  of  a  wire  fails,  current  may  pass  over  the  conduit.    If  the 
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conduit  is  well  grounded  and  all  joints  are  well  made  a  safe  path  to 
"ground"  is  afforded  for  a  current  large  enough  to  blow  the  fuses 
protecting  the  circuit,  thus  cutting  off  the  current  before  the  pipe  is 
overheated  or  burned  through  at  the  point  where  the  bared  wire  has 
come  into  contact  with  it. 

Conduits  and  gas  pipes  must  be  securely  fastened  in  metal 
outlet  boxes  so  as  to  secure  good  electrical  connection.  Where  boxes 
used  for  centers  of  distribution  do  not  afford  good  electrical  connec- 
tion, the  conduits  must  be  joined  around  them  by  suitable  bond  wires. 
Where  sections  of  metal  conduit  are  installed  without  being  fas- 
tened to  the  metal  structure  of  buildings  or  grounded  metal  piping, 
they  must  be  bonded  to  a  permanent  and  efficient  ground  con- 
nection. 

It  is  rarely  possible  to  perfectly  insulate  a  conduit  system 
throughout,  and  a  positive  ground  is,  therefore,  required,  so  as  to  pro- 
vide a  definite  path  for  leaking  currents  and  thus  prevent  them  from 
escaping  through  parts  of  a  building,  etc.,  where  they  might  do  harm. 

The  size  of  conduit  which  should  be  used  for  different  sizes  of 
wire  or  for  different  numbers  of  wires  of  specified  size,  depends  upon 
the  length  of  run  between  outlets  where  wires  can  be  pulled  or  fed  in, 
upon  the  number  and  the  radius  of  bends  and  the  thickness  of  the 
insulation  on  the  wires.  The  rules,  however,  state  that  the  same 
conduit  must  not  contain  more  than  four  two-wire,  or  three  three-wire 
circuits  of  the  same  system,  except  by  special  permission  of  the 
Inspection  Department  having  jurisdiction,  and  must  never  contain 
circuits  of  different  systems,  that  is,  from  different  generators 
whether  of  the  same  voltage  or  not  or  whether  both  d.  c.  or  a.  c.  or 
one  of  each. 

In  tall  buildings  special  provision  must  be  made  to  support  the 
conductors  in  the  vertical  conduits  to  remove  their  weight  from  the 
connections,  and  the  spacing  of  supports  in  such  cases  is  prescribed  as 
follows:  No.  14  to  0  every  100  feet;  No.  00  to  0000  every  80  feet; 
0000  to  350,000  c.  m.  every  60  feet;  350,000  c.  m.  to  500,000  c.  m. 
every  50  feet;  500,000  c.  m.  to  750,000  c.  m.  every  40  feet;  750,000  c. 
m.  every  35  feet. 

The  following  methods  of  supporting  cables  are  recommended: 

(1)     A  turn  of  90  degrees  in  the  conduit  system  will  constitute  a  satis- 
factory support. 
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(2)  JuDction  boxes  may  be  iuserted  in  the  conduit  ByBtcm  mt  tlte  ra- 
quircd  iotervftk,  in  which  inmiUting  Bupporta  of  apprmtd  type  muat  be  in- 
atalled  and  serurcd  in  a  ■atisfactory  manner  so  as  to  withat&nd  the  wraght  of 
the  conductors  attached  thmto,  the  boxes  to  be  provided  with  proper  ooven. 

(3)  CablM  may  be  iupportcd  in  apprortd  junction  boxes  on  two  or 
more  insulating  aupports  so  placed  that  the  conductors  will  be  deflected  at 
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Kij.  117.     Melhod  of  Supporting  Conduit  RiMIa 
an  angle  of  not  less  than  90  degrees,  and  carried  a  distance  of  not  leas  tlun 
twice  the  diameter  of  the  cable  from  ha  vertical  position.    Cables  so  euBpendri 
may  be  udditiunallv  fecureil  to  these  iiisulators  by  tie  wires. 

The  second  methoii  is  illustrated  in  Fig,  117  where  a  space  bu 
been  left  in  conduit  risers.    The  conductors  nill  be  held  to  the  hvk 
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Fig.  118.     Cable  Clamp  Used  in 
Conduit  System 


plates  by  clamps  and  the  whole  will  finally  be  enclosed  in  a  heavy 
steel  box  which  will  form  the  connecting  bond  in  the  riser  system. 
Fig.  118  shows  one  form  of  cable  clamp  used  for  this  purpose. 

Wires  for  conduit  must  be  rubber- 
covered  and  have  a  double  braid  over 
the  rubber.  Twin  wires  are  universally 
used  for  the  smaller  sizes.  No.  14  to  No. 
10,  and  these  have  a  braid  over  the  rub- 
ber of  eadi  conductor  and  a  second  braid 
over  both  conductors  together.  For 
larger  sizes  single  conductors,  double 
braided,  are  used  and  for  the  largest 
sizes  only  one  conductor  is  usually  run  in 
a  pipe  It  should  be  noted,  however, 
that  for  alternating-current  systems  the  two  or  more  wires  of  any 
one  circuit  must  be  drawn  in  the  same  pipe  since  otherwise  there 
will  be  excessive  heating  of  the  metal  pipes  due  to  a  magnetic  action 
peculiar  to  alternating  currents  and  known  as  "induction."  Fig. 
119  shows  three  large  feeder  ducts  passing  out  of  a  steel  service  box. 
In  this  case  the  circuit  was  three-wire  direct  current. 

The  design  of  a  conduit  system  of  wiring  for  a  large  building 
may  be  a  problem  of  some  magnitude  involving  no  little  engineering 
skill  and  experience  if  the  most  economical,  efficient,  and  sightly 
results  are  to  be  secured.  A  full  exposition  of  the  methods  followed 
and  the  reasons  for  them  does  not  fall  within  the  scope  of  this  book 
but  the  following  general  considerations  are  of  some  value  in  judg- 
ing both  the  advantages  of  conduit  work  and  the  excellence  of  any 
given  installation.  In  all  conduit  work  it  should  be  remembered 
that  no  taps  or  joints  are  permitted  in  conductors  except  at  outlets, 
junction  boxes,  and  cabinets,  and  that  all  these  must  be  in  accessible 
places.  By  accessible  is  meant  accessible  not  only  during  the  process 
of  installation  of  the  system  but  also  after  the  building  is  completed 
and  in  use.  A  junction  box  is  not  "accessible"  if  it  is  necessary  in 
order  to  get  at  it,  to  take  up  portions  of  floors  or  make  openings  in 
ceilings  or  side  walls.  This  prime  requisite  of  conduit  work  makes 
it  necessary  to  run  all  conductors  on  the  "loop"  plan  which  means 
that  all  lines,  branches,  and  control  circuits  (as  to  switches)  will  con- 
sist of  a  pair  of  wires  starting  at  the  same  point  at  some  outlet  box 
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or  cabinet  and  running  generally  in  the  same  pipe  to  some  other  out- 
let where  the  socket,  switch,  or  other  device  b  placed.  Conduit 
systems  may  be  jnade  with  the  piping  concealed  or  exposed  as  may 
be  dictated  by  the  character  of  the  building  and  the  finish  desired. 
In  frame  buildings  where  the  electric  installation  b  put  in  during 
the  original  constructinn  the  conduits  are  placed  after  the  main 
framing  and  partitions  are  in  position  and  nill  be  arranged  to  pass 
through  walls  and  floors  with  the  outlet  boxes  and  cabinets  set  and 
fastened  securely  at  or  very  near  the  places  where  they  will  be  when 


Fi«.  110.     Sl«>l  Srrv[r.-  Bni  BDd  Fnder  Pipe* 

the  building  is  ilorip.  In  lading  out  such  work  little  regard  need  be 
paid  to  having  pijx's  run  straight  or  parallel  to  each  other  so  long  is 
they  are  so  shaped  at  iR-nds  and  otherwise  dbposed  as  to  make  it 
easy  to  draw  in  the  wires.  Tlie  chief  considerations  are  the  position 
of  outlets,  the  pn>per  piin-  sizes  for  the  wires,  and  the  proper  subdi- 
vision to  secure  correct  fusing  of  incandescent  lamp  circuits  accord- 
ing to  the  rule  which  permits  not  over  660  watts  on  any  such  circuit 
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Characteristu;  Conduit  InMaUatitm.    Y\g.   120  shows  a  char- 
acteristic layout  for  conduits  and  outlets  for  a  small  apartment. 


Fie.  IW.     CliuwteiUtie  Layout  [or  Conduiti  ■»)  Oul1«U  io  Small  AparUMDt 

At  the  point  marked  "riser"  a  main  conduit  rises  from  the  "service" 
in  the  basement  and  on  each  fioor  has  a  cabinet  where  the  supply 
wires  for  that  floor  are  taken 
off  and  fused  and  where  the 
meter  may  be  installed.  In 
laying  out  such  a  system  of 
conduits  or  in  inspecting  it 
one  should  start  from  the 
service  entrance  cabinets 
from  which  the  conduits 
should  enter.  If  this  cabi- 
net contains  not  only  the 
service  fuses  but  also  the 
sub-fuses  of  the  branches, 
the  several  circuits  should  be 
examined  to  see  that  they  are 
properly  fused,  and  that  they 
are  distributed  in  pipes  of 
adequate  size.  The  several 
runs  of  conduit  should  then 
be  followed  throughout  their 
entire  length  to  see  that  all 
couplings  between  pipes  and 
Fi..i!i.  A,„,rfC.«™su,po,.i.,c..d.iu    .11  .tt.chments  to  outlet 

boxes  are  thoroughly  tight  and  that  both  conduits  and  boxes  are 
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fastened  by  straps  or  screws  so  that  no  strain  wiU  be  put  upon  the 
screwed  joints.  Care  should  be  taken  to  see  that  there  are  no  sharp 
bends  any wiiere  and  that  no  more  outlets  are  set  in  one  circuit  than 
is  pro|)er  and  that  all  are  accessible.  Observe  whether  due  provbion 
hus  iK'cn  made  for  installing  fuses  wherever  there  will  be  a  change  in 
the  size  of  win*.  It  is  often  cheaper  and  more  satisfactory  to  continue 
a  somewhat  largt*r  wire  than  is  required,  than  to  change  to  a  smaller 
size  and  insert  fuses.  In  no  case  should  fuses  be  installed  in  small 
outlet  boxes,  but  only  in  junction  boxes  or  cabinets  of  ample  uze. 
.\fter  the  wires  have  been  drawn  in,  observe  whether  it  is  pos- 
sible to  truce  a  given  pair  from  outlet  to  outlet  and  if  there  is  doubt 


FifE.  122.     FittiaK5  I'sod  for  Kxposed  Conduit  Work 


on  any  point  it  may  be  necessary  to  demand  that  certain  wires  be 
drawn  out  for  iii^ix^ction.  There  should,  of  course,  be  absolutely 
no  cornc^rs,  Y-shaiHMl  fittinp>,  or  other  devices  in  any  place  which 
will  pn^vciit  any  or  all  wirt's  from  being  taken  out  and  replaced  at 
any  time  even  after  the  building  is  completed.  It  is  well  to  obsen*e 
wlu'tlier  there  are  bends  or  traps  in  the  piping  in  which  water  result- 
in^r  fr(»ni  eondensation  or  otherwise  can  collect.  All  conduit  should 
Ik'  practically  uninjurtnl  by  the  work  done  on  it,  all  pipe  ends  should 
be  threaded  and  n^anied  and  the  entire  metal  system  should  be  firmly 
supported  and  secured  so  as  to  be  free  from  vibration  or  rattle.  The 
syst<'m  must  be  electrically  continuous  throughout  and  must  be 
I^Tniaiiciitly  and  efl'ectively  grounded. 
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Where  conduits  are  run  exposed,  more  attention  should  be  paid 
>  ai^warances.  All  runs  should  be  m  straight  lines  parallel  to  walls 
[  the  rooms  and  arranged  in  a  symmetrical  and  orderly  manner. 
mailer  sizes  of  conduit  can  usually  be  fastened  to  ceilings  or  walls 
y  ordinary  pipe  straps,  but  where  large  conduit  is  used  some  form 
F  [»pe  banger  b  required  and  there  are  special  patterns  of  a  variety 


f  designs.  Where  a  ntimber  of  conduits  are  run  parallel  the  form 
f  supports  shown  in  Rg.  121  is  excellent.  With  exposed  conduit  a 
uiety  of  fittings  can  be  used  for  outlets,  junction  boxes,  and  the 
ke,  which  add  much  to  the  neat  appearance  and  also  provide  for 
Hnts  and  traps  as  well  as  for  mounting  sockets,  switches,  and  other 
nail  devices.   Fig.  122  shows  a  few  such  fittings  for  exposed  conduit. 


122 


rXDERWRITERS'  REQUIREMENTS 


Tlip«*  arc  maiio  with  tlircailitl  nipples  into  which  the  conduit  may 
Ih'  MTvwwi  and  when  so  used  these  fit- 
tinpi  iipe<l  not  be  fastened  to  the  waO 
or  ct'ilinfr  in  any  way,  but  are  considetcd 
til  lie  firmly'  enough  held  by  the  japt 
itself.  However,  if  boxes  requiring  kx-k 
nuts  anil  screw  bushings  on  pipes  aie 
eniployi-d  they  must  be  separately  se- 
cured to  the  surface  of  wall  or  ceilinf; 
l)^-  screws  and  all  cabinets  of  any  size 
wImte\'(T  should  be  so  fastened.  Ei- 
IMiscd  conduit  work  is  usually  empb\Td 
in  factories,  warehouses  and  elsenhere 
if  the  finish  of  room  does  not  require  all 
piping  to  be  out  of  sight. 

Siimc  special  problems  arise  in  cdq- 
(liiit  work  in  fireproof  buildings.  Id 
tliese  t.\-pos  of  structure  the  conduit 
\^'(irk  is  (lone  after  the  rough  flow  work 
is  (-(inipletpd.  the  conduits  being usually 
liiid  »n  the  tile  floors  so  as  to  be  co\wed 
by  ilic  tup  finish  of  cement  usually  laid 
i>\tT  the  tiling.  Fig.  123  shows  such 
an  installiitiitn  and  it  will  be  noted 
that  the  iKi.seboard  and  all  side-nail 
outlets  have  l>een  placed,  before  the 
file  partitions  between  the  rooms,  have 
Ih-cii  set.  In  a  fireproof  building  it  'A'iU 
Ki'iirrally  Im?  neces.sarj"  to  run  the  main 
riMTs  Wfiire  the  floors  are  made  ami  ta 
iirran^'  for  the  distributing  cabinets od 
each  fldor.  Fig.  124  shows  a  cahinet 
ill  |>liur  in  the  unfinished  partition 
tt  itli  two  conduit  risers  entering  it  frffln 
lirliiw  anil  the  branch  circuits  gcnng 
nut  frimi  the  top  to  various  parts  of  the 
liiiililiiin.  The  cabinet  in  this  case  has 
I  tfii  fastened  by  rods  above  and  bdow. 
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In  concrete  buildings  it  is  often  somewhat  difficult  to  place 
the  conduits  and  the  boxes  so  as  to  clear  the  reuiforcing  material 
and  at  the  same  time  keep  the  metal  parts  Tvell  covered  at  all  points. 
Special  methods  have  to  be  adopted  var\ing  with  the  t\-pe  of  con- 
crete construction  employed  but  in  all  cases  an  effort  should  be  made 
to  secure  propi-r  draining  of  conduits.    The  water  from  the  concrete 
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fcr1,•  liable  to  get  into  the  conduit  system  at  the  outlets  or  else- 
s,  and  when  once  this  occurs  it  b  difficult  to  get  it  out.  Its 
nee  is,  however,  most  objectionable  as  it  tends  to  injure  the 
g  by  rusting  and  also  to  deteriorate  seriouslj'  the  insulation 
coverings  on  the  wires.  This  is  a  difficulty  which  should  be  considered 
in  locating  outlets  in  such  a  building  and  which  requires  very  great 
t  to  entirely  overcome.    It  is  a  matter  of  some  difficulty  at  times 
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to  secure  outlet  boxes  on  the  concrete  forms  or  in  correct  poritkm 
where  tile  is  to  be  used  so  as  to  be  sure  that  they  will  be  in  the  lif^ 
position  and  firmly  held  when  the  building  is  completed.  Ceiling 
boxes  should  be  held  by  sp)ecial  hangers  from  each  box  up  into  the 
tile  or  concrete  and  reliance  should  not  be  placed  on  the  conduits 
alone  to  hold  them.  Boxes  set  where  tile  partitions  are  to  be  sub- 
sequently envied  should  preferably  be  held  by  iron  straps  to  adjacent 
steel  work  wherever  this  is  practicable.  Fig.  125  shows  how  this 
may  be  done. 

SPECIAL  INSTALLATIONS 

DECORATIVE  AND  COMMERCIAL  LIQHTlNa 

Decorative  Lighting.  Decorative  Ughting  by  means  of  incui- 
descent  lamps  is  often  desired  either  inside  or  outside  buildings.  Tie 
chief  hazards  of  such  work  lie  in  the  use  of  inferior  materiak  hastily 
put  together  and  pcnirly  located  and  fused.  The  voltage  should  never 
exc*eed  150  volts  in  such  work  and  not  more  than  1,320  watts  of 
energ\'  should  ever  be  allowed  to  be  dependent  for  protection  upon 
a  single  cut-out.  It  is  highly  improper  to  take  current  for  such  sjv 
tcnis  from  onlinary  outlets  which  are  wired  for  only  small  currents, 
since  by  so  doin^  the  wires  to  the  outlets  will  be  overloaded  and  the 
pr(>j)er  fuses  for  the  wirt*s  will  have  to  be  replaced  by  others  of  too 
px'ut  caj)ac'ity  to  furnish  safe  protection.  The  supply  should  be 
taken  only  from  points  on  the  circuit  (as  at  distribution  boards  or 
panels)  where  the  eorrt»ct  fusing  and  wiring  can  be  provided  for. 

There  is  ol)\  ionsly  no  rt*al  distinction  between  decorative  lighting 
and  ordinary  lighting:  arrangements  except  that  the  former  is  usually 
put  uj)  for  t(^nii)orary  us<*  only.  If  these  temp)orary  circuits  are  in- 
stalled in  a  workmanlike  manner  and  if  good  wire  and  good  sockets 
are  used  there  niH'd  l)e  no  sj)eeial  hazard  proWded  the  wires  are  not 
tacked  uj)  in  a  manner  liable  to  injure  the  insulations  and  are  not 
made  to  serve  as  supports  for  inflammable  decorations  of  cloth  w 
pai)er.  Festoons  of  keyless  weatherproof  sockets  well  connected  to 
standard  ruhher-eovered  wire  (not  flexible  cord),  and  kept  separated 
from  all  eonihustihle  stuff,  do  not  present  any  great  hazard  but  no  such 
installation  should  he  made  without  great  care  and  should  never  be 
allowed  to  remain  as  a  jKTmanent  installation  unless  it  is  fully  pro- 
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tected  and  made  the  equivalent  of  standard  work  in  every  respect. 
The  use  of  extra  "carrier"  wires  for  such  festoons  is  very  desirable 
as  they  remove  all  strain  from  the  current-carrying  wires  and  con- 
nections. Show  windows  are  very  frequently  decorated  by  tem- 
porary electric  displays  of  all  sorts  especially  during  the  holiday  sea- 
son and  such  window  displays  are  very  often  wired  in  utter  disregard 
of  all  safe  rules.  The  wires  are  often  made  to  serve  as  supp>orts  for 
merchandise  of  very  inflammable  material,  and  where  tinsel,  cotton 
batting,  and  similar  materials  are  employed,  the  conditions  are  ex- 
cellent for  a  rapidly-spreading  fire  if  any  electric  failure  should 
occur.  Incandescent  lamps  are  often  allowed  to  lie  against  inflam- 
mable materials  and  small  motor-operated  advertising  or  other  nov- 
elties may  contribute  their  share  to  the  danger.  The  fact  that  an 
installation  of  this  sort  is  "temporary"  does  not  lessen  the  hazard 
so  long  as  it  is  in  operation  and  should  not  in  any  sense  be  considered 
as  an  excuse  for  allowing  practices  which  are  know^n  to  be  danger- 
ous. Property  owners  are  often  ignorant  of  the  extent  to  which 
iU-«ulvised  temporary  decorations  jeopardize  their  buildings. 

In  show-window  lighting,  the  lamps,  whether  temp)orary  or 
permanent,  should  be  placed  either  in  the  front  or  the  top  of  the 
window,  proper  reflectors  being  used  to  throw  the  light  upon  the 
goods  displayed.  This  plan  almost  invariably  gives  better  results 
in  lighting  than  lamps  placed  in  sight,  and  scattered  through  the 
window  and  among  the  goods,  and  is  also  very  much  safer. 

Outline  Lighting,  A  very  common  form  of  decorative  work  con- 
sists of  what  is  known  as  outline  lighting.  In  this  class  of  work  rows 
of  incandescent  lamps  are  used  on  the  exterior  of  buildings  to  outline 
the  chief  architectural  features,  to  mark  entrances,  etc.  Lamps 
and  wiring  used  for  such  purposes  inside  buildings  come  under  the 
regular  rules  for  inside  work  but  outside  outline  lighting  may  have 
some  special  characteristics.  Only  low  p>otential  circuits  (under  550 
volts)  should  be  used  and  the  wing  either  open  work  or  in  conduit. 
Molding,  either  wood  or  metal,  is  not  allowable  since  it  does  not 
afford  protection  against  moisture.  In  open  work  the  same  spacing 
of  wires  from  the  surface  (1  inch)  and  from  each  other  (2§  inches) 
must  be  maintained  as  in  all  exposed  wiring  in  damp  places.  If  the 
use  of  flexible  tubing  is  necessary,  as  at  crosses  or  where  regular 
qMudng  cannot  be  maintained,  the  ends  of  the  tubing  must  be  sealed 
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and  painted  so  as  to  exclude  moisture,  and  for  a  similar  reason 
armored  cable,  if  used,  must  be  of  the  type  having  a  lead  sheath  over 
the  conductors  and  under  the  armor. 

In  order  to  assure  proper  control  and  fusing  of  outline-wiring 
circuits  they  should  have  their  ovm  separate  smitch  and  fuses  enclosed 
in  a  suitable  metal  cabinet  which  must  be  watertight  if  placed  out- 
of-d(K)rs.  Small  candle-power  lamps  (2  to  4)  are  almost  alwa^'s  used 
for  outline  wiring  and  may  be  so  grouped  on  the  circuits  that  not 
more  than  1,320  watts  will  be  dependent  on  a  single  pair  of  fuses 
but  in  no  case  should  more  than  66  sockets  or  receptacles  be  con- 
nected to  a  single  circuit.  This  limitation  of  the  number  of  lamps 
is  to  prevent  any  trouble  in  a  single  socket  causing  too  much  arcing 
or  burning  before  the  fuse  protecting  its  circuit  will  open.  All  the 
sockets  and  receptacles  in  outline  \i'iring  must  be  of  the  keyless 
porcelain  type  and  the  wires  connecting  them  must  be  soldered  to 
the  lugs.  With  conduit  work  in  outline  wiring  special  attention 
should  be  given  to  making  the  entire  system  as  water  tight  as  pos- 
sible. The  receptacles  set  in  the  covers  of  steel  outlet  boxes  or 
conduits  should  l)e  provided  with  rubber  gaskets,  and  similar  rubber 
rings  may  also  be  used  to  advantage  about  the  bases  of  the  lamps  to 
prevent  the  entrani'e  of  water  into  the  receptacles  themselves. 

Electric  Signs.  An  endless  variety  of  electric  signs  are  shown 
on  the  streets  of  cities  and  towns  today,  fn)m  the  simplest  illununated 
panels  to  huge  structurt»s  containing  many  hundreds  of  lamps  and 
ojHTated  by  very  coniplicated  **flashing*'  machines.  An  elaborate 
treatment  of  all  tyjx\s  of  signs  cannot  be  given  here.  The  large 
signs  enacted  on  rcK>fs  should  come  under  the  supervision  of  the 
building  (lej)artnient  of  a  city  or  under  both  electric  and  building 
d(»l)artnients.  Many  of  these  signs  are  hazardous  because  of  the 
obstruction  they  ollVr  to  firt*men.  the  large  amount  of  power  they 
use,  and  the  inadeciuate  provision  made  for  cutting  off  current  frwn 
them  either  automatically  or  by  hand  switches  in  accessible  places. 
No  combustible  material  should  be  permitted  either  in  or  near  sudi 
signs.  It  is  prefiTahle  that  all  wiring  be  in  conduit  but  where  this 
b  impracticable,  the  supiH)rts  and  spacing  of  wires  should  be  exceUent 
and  the  sides  of  the  circuits  should  be  kept  apart  preferably  by 
bunching  all  wires  of  one  i)olarity  into  cables  covered  by  waterproof 
and  slow-burning  jackets.    The  mass  of  inflammable  rubber-covered 
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ind  braided  wire  necessary  for  a  large  sign  requires  skilful  arrange- 
Knent  to  avoid  a  serious  blaze  in  case  of  failure. 

Signs  of  every  size  should  be  "all  metal/'  sheet  steel  being  not 
less  than  No.  28  U.  S.  gauge  and  frames  being  in  all  cases  of  ample 
itiffness  and  strength.  Metal  parts  should  be  well  protected  by 
paint  or  enamel  and  the  sign  structure  should  be  reasonably  water 
tight  but  have  drainage  holes  in  the  bottom  to  let  out  any  water 
that  may  collect  inside.  The  wires  should  be  soldered  to  all  recep- 
tade  terminab,  should  be  only  rubber-covered  and  should  be  brought 
out  through  the  sign  structure  either  in  conduit  or  in  well  spaced 
pc»tdain  bushings  with  drip  loops.  In  supporting  the  sign  attention 
sbould  be  paid  to  preventing  wear  or  abrasion  of  the  leading-in  wires 
by  swinging  of  the  sign.  Many  cities  have  especially  elaborate  rules 
for  the  placing  and  supporting  of  signs  designed  to  reduce  the  pos- 
sibility of  their  falling  or  of  their  interfering  too  much  with  the  use 
of  fire-escapes  or  the  work  of  firemen  in  case  of  fire  in  the  building. 

Sign  Flashers.  The  flashing,  and  other  very  elaborate  effects  of 
dectric  signs,  are  accomplished  by  the  use  of  what  is  known  as  sign- 
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Fif.  126.     Sign  Flasher  for  DUplaying  Electric  Signs 

machines  or  flashers,  Fig.  126,  which  consist  essentially  of  motor- 
driven  drum  switches  often  of  great  size  and  complexity.  These 
machines  are  hazardous  chiefly  from  their  use  of  many  necessarily 
rather  frail  single-pole  brush  switches  with  large  numbers  of  connect- 
ing wires  leading  to  them  and  from  the  fact  that  being  essentially 
automatic,  such  machines  are  liable  to  be  neglected  and  poorly 
maintained.  The  location  of  a  sign  machine  should  be  such  as  to 
remove  it  from  the  chance  of  accidental  injury  or  tampering,  to 
permit  the  direct  and  well  arranged  running  of  circuits  to  it,  and 
to  render  it  accessible  for  cleaning,  adjusting,  and  inspecting  at  all 
times.  A  flasher  should  never  be  installed  in  a  closet  or  other  con- 
cealed space.  If  it  is  impracticable  to  mount  it  outside  the  build- 
ing near  the  sign,  as  is  preferable,  a  location  should  be  chosen  that 
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will  reduce  as  far  as  possible  the  amount  of  wiring  required.   A  plat* 

form  or  shelf  over  a  doorway  and  just  inside  the  building  is  often 

the  best  place  available.    A  heavy  metal  cover  must  be  provided 

but  this  should  be  removable  so  as  to  permit  adjustment  of  all  operatp 

ing  parts  within. 

THEATER  WIRING 

Qeneral  Specifications.  The  electric  equipment  of  theaters  is 
of  great  importance  both  because  of  the  large  value  of  these  properties 
and  also  be(*ause  of  the  life  hazard  involved  in  any  public  buikiiiig 
in  which  large  numbers  of  people  assemble.  The  electric  equipment 
of  a  modern  theater  of  the  first  class  is  generally  very  elaborate, 
involving  as  it  does  not  only  the  brilliant  illumination  of  large  rooms, 
the  stage,  and  many  smaller  apartments,  but  also  the  power  equip- 
ment for  handling  curtains,  scenery,  and  other  paraphernalia  and 
the  numerous  devices  of  sp)ecial  character  for  producing  stage  effectSi 
In  the  meaning  of  the  Code  a  theater  is  defined  as  a  building  or 
part  of  a  building  in  which  it  is  designed  to  make  a  presentatioD 
of  dramatic,  oi)eratic  or  other  performances  or  shows  for  the  entff- 
tainment  of  spectators,  which  is  capable  of  seating  at  least  400 
persons,  and  which  has  a  stage  for  such  performances  that  can  be 
used  for  scenery  and  other  appliances.  AU  theater  wiring  not 
specifically  covchmI  by  special  rules  should  conform  to  standard 
rules  and  nK:iuirc'nu»nts  for  work  of  its  class.  The  special  rules 
naturally  <lividc  into  those  which  concern  the  protection  of  life 
chiefly  and  those  which  concern  primarily  the  fire  hazard,  though, 
of  course,  the  hitter  have  a  direct  bearing  on  the  life  hazard  also, 
since  even  a  rt»latively  small  fire  in  a  theater  may  produce  a  panic 
resulting  in  injury  to  many  persons. 

For  the  puriK>se  of  insuring  the  most  reliable  maintenance  of 
proj)er  lighting  and  consequent  safety  and  freedom  from  panic  in  the 
audience,  the  underwriters'  rules  suggest  that  where  the  source  of 
electric  supply  is  outside  the  building  there  must  be  at  least  two 
st^parate  and  distinct  services  when*  practicable,  fed  from  separate 
street  mains,  one  service  to  be  of  sufficient  capacity  to  supply  cuiient 
for  the  entire  equipment  of  the  theater,  while  the  other  service 
must  be  at  least  of  sufficient  capacity  to  supply  current  for  all 
emergency  lights.  By  * 'emergency  lights"  are  meant  exit  lights 
and  all  lights  in  lobbies,  stairways,  corridors,  and  other  portions  oE 
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the  theater  to  which  the  public  have  access  which  are  kept  nonnally 
lifted  during  the  performance.  Where  source  of  supply  b  an 
isolated  plant  within  the  same  building,  an  auxiliary  service  of  at 
least  sufficient  capacity  to  supply  all  emergency  lights  must  be  in- 
stalled from  some  outside  source,  or  a  suitable  storage  battery  within 
the  premises  may  be  considered  the  equivalent  of  such  service. 

The  principal  hazards  in  a  theater  result  from  the  stage  equip- 
ment since  it  is  there  rather  than  in  the  auditorium  that  large  cur- 
rents are  used;  many  conductors  are  required,  and  all  sorts  of  special 
devices  are  employed  often  in  close  proximity  to  combustible  material 
such  as  scenery.  Furthermore,  the  constant  changes,  additions  and 
special  requirements  for  different  productions  result  in  subjecting 
the  electric  equipment  to  exceptionally  hard  wear  and  tear  on  theater 
stages  so  that  proper  upkeep  can  be  secured  only  by  the  use  of  the 
most  approved  materials  and  methods  and  constant  re-inspections. 
All  permanent  electric  work  on  the  stage  side  of  the  proscenium 
arch  must  be  in  conduit  or  armored  cable  except  in  border  lights 
and  on  the  stage  switchboards. 

An  of  the  stage  circuits,  footlights,  borders,  arc  lamps,  and 
usuaDy  all  house  lighting  are  controlled  from  a  switchboard  located 
on  the  stage  at  one  side  of  the  proscenium  arch.  This  results  in  a 
very  large  number  of  cables  and  wires  being  concentrated  at  this 
board  and  calls  for  very  careful  planning  if  anything  like  safe  and 
orderly  arrangement  b  to  be  secured.  The  space  available  b  often 
small  and  circuits  are,  therefore,  liable  to  be  unduly  crowded  and 
confused.  The  design  of  a  large  stage  switchboard  calls  for  no  little 
engineering  skill,  which  b  too  often  noticeable  chiefly  from  its  entire 
absence  especially  in  older  houses.  The  space  back  of  the  board 
should  be  of  ample  size,  readily  accessible  but  entirely  enclosed  by 
absolutely  fireproof  walb  and  doors  and  preferably  directly  ven- 
tilated to  the  outside  by  a  s|x^cial  brick  chimney  or  large  flue.  All 
circuits  should  be  controlled  by  substantial  knife  switches  and  fused 
by  standard  enclosed  cut-outs  in  accessible  places  where  their  opera- 
tion will  not  in  any  way  be  liable  to  set  fire  to  the  wire  insulations. 
It  b  very  desirable  that  all  wires  on  the  back  of  the  board  be  covered 
with  asbestos  jackets  and  be  well  spaced. 

Dimmers.  The  dimmers  or  special  rheostats  for  gradually 
reducing  the  intensity  of  incandescent  lamps  either  in  the  auditorium 
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at  ori  the  iituge  constitute  often  8  very  large  installation  of  heat- 
developing  apparatus  which  should  be  careful]>-  located  on  iioa 
brackets  or  on  oiien  galleries  absolutely  separated  from  any  possible 
contact  with  huniable  stuff.    I-lg.  127  shows  a  bank  of  dimmers. 

Footlights  and  Borders.  Among  the  more  important  fixed- 
appliances  are  the  JooiHghU,  border  and  atrip  lighti,  and  the  «toje- 
fltxjr  iMKleti.  The  fiM>tlights  should  be  installed  either  in  conduit  or 
oil  HixH-iul  steel  boxes  which  <'ntirely  enclose  the  lamp  receptaclei 
llordcr  lif^hts  must  Ik<  substantially  made  of  hea%->'  sheet  metal  (at 
least  No.  20  inetul  pni)?')  and  must  be  wired  with  slow-burning  wire 
Ijccuuse  they  necessarily  pet  vorj-  hot  from  the  lamps  they  contain. 


I.  127.     llkuk  ul  The: 


KiHitlinlits,  oil  till-  (itlitT  himd,  do  not  get  so  hot  and  their  location 
makes  tlicni  siisccplihic  tii  moisture  during  the  cleaning  or  washing  of 
the  floor  of  the  stage.  Tliey  should,  therefore,  be  wired  with  rub- 
iKT-ciivereil  win-. 

liorder  lights  must  be  raised  and  lowered  and,  therefore,  current 
must  be  carried  to  theni  bj'  moans  of  cables  composed  of  stranded 
rul)l>cr-covered  wires.  Siicli  cnhles  should  be  in  rigid  conduit  to  the 
IHiiiit  wliere  tlie  cable  leaves  for  the  border  and  at  thb  point  a  suit- 
able junction  box  sliouM  Iw  provided.  Tlie  method  of  bringing  the 
cable  from  this  box  and  also  of  Icailing  It  Into  the  border  structure 
should  receive  special  iitteiitioii  ti)  |>rcvent  undue  strain  being  brought 
to  iK-ar  upon  it  at  tliese  connections.    The  cable  should  be  of  the 
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spedal  type  deigned  for  this  service.    Figs.  128  and  129  show  sec- 
tions of  footlights  and  borders  ready  for  installation  on  a  stage. 


Stage  Poclwts.    Stage  pockets  (see  Fig.  130)  are  iron  boxes, 
having  trap  doors  flush  with  the  stage  floor  and  containing  receptacles 


Fit.  129.     SeciioQ  of  Th< 

for  special  plugs  and  cables  by  means  of  which  arc  lamps,  flood  lamps, 
•od  other  temporary  and  portable  devices  may  be  connected.  The 
circuits  should  have  a  capacity  of 
'  at  least  35  amperes  for  arc  lamps 
or  15  amperes  for  incandescent 
lamps,  wired  to  the  full  capacity 
and  controlled  from  the  stage 
board.  They  should  contain  no 
fuses  and  should  be  so  constructed 
that  accumulations  of  dust  or  rub- 
bbh  in  them  cannot  interfere  with 
Ri- 130.  8tMa  PooiMt  their  safe  use  or  be  liable  to  cause 
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a  fire  from  any  arc  Kaulting  from  witbdrawing  the  plug.     Hieae 

pockets  may  be  for  one  or  sc^'eral  plugs. 

Portable  equipments  for  use  on  theater  stages  include,  in  additioD 

to  special  de\'ice3  of  all  sorts — arc  lamps,  bunch  lamps,  strip  ligbta, 
pin  plug  connectora,  and  portable 
plugging  boxes.  Fig.  131  shows  a 
poor  form  of  stage  arc  lamp  of 
the  tj-pe  supposed  to  have  caused 
the  Iroquois  theater  fire  in  Chi- 
cago, while  Fig.  132  shows  a 


modem  ni>i)r«vf(l  fonii.  These  should  be  of  approved  patten, 
made  of  non-t-omlmstiliie  mutemis  only  and  fitted  w-ith  standard 
stuRP  rahlf  the  siMfificaticms  fur  which  are  as  follows:  To  consist 
of  not  more  than  tliree  flexible  copper  conductors  each  of  capacity 
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not  exceeding  No.  4  B.  &  S.  gauge,  built  up  of  wires  not  smaller 
than  No.  26  B.  &  S.  gauge;  each  conductor  to  be  covered  with  a 
cotton  wind  and  with  rubber  insulation  of  thickness  equivalent  to 
standard  rubber-covered  wire  and  a  saturated  braid;  the  conductors 
to  be  twbted  together  with  a  filler  (jute  or  a  similar  material)  to 
make  the  cable  round  and  to  act  as  a  cushion;  the  whole  to  be 
covered  with  two  weatherproof  braids.  Such  a  cable  will  withstand 
considerable  hard  usage  and  has  sufficient  mechanical  strength  to 
endure  the  severe  conditions  of  this  service. 

Special  Lighting  Circuits  and  Stage  Effects.  The  proper 
installation  of  all  of  the  stage  devices  just  mentioned  is  such  an 
important  feature  of  the  safety  of  the  theater  that  special  rules  are 
established  for  portable  conductors,  for  lights  on  scenery,  for  fes- 
toons, and  for  the  many  special  effects,  such  as  lightning,  etc. 

Requirements  for  Stage  Auditoriums.  The  special  requirements 
for  the  lighting  of  stage  auditoriums  are  as  follows:  All  wiring  must 
be  in  either  conduit,  metal  moldings,  or  armored  cable;  all  fuses 
must  be  in  enclosed  cabinets;  exit  lights  must  not  have  more  than 
one  set  of  fuses  between  them  and  the  main  service  fuses,  and 
together  with  all  hall  and  corridor  lights,  must  be  supplied  inde- 
pendently of  the  stage  lighting  and  be  controlled  only  from  the  lobby 
or  front  of  the  house.  All  of  these  requirements  are  made  to  insure 
adequate  lighting  for  the  audience  in  case  of  a  fire,  to  render  the 
exit  and  corridor  lights  independent  of  any  accident  to  circuits  re- 
sulting from  a  stage  fire,  and  to  insure  a  certain  amount  of  illumi- 
nation at  all  times  in  order  to  permit  firemen  to  work  to  advantage 
in  case  of  a  fire  in  the  auditorium  or  corridors  leading  thereto. 

MOVING  PICTURE  THEATERS  AND  MACHINES 

Interior  Equipment.  The  very  large  number  of  moving-picture 
theaters  which  have  come  into  use  in  the  past  few  years  has  intro- 
duced a  special  hazard  of  considerable  extent  and  a  large  number  of 
disastrous  fires  in  such  installations  have  been  recorded.  See  Fig. 
133.  These  theaters  have  often  been  established  in  rooms  originally 
intended  for  stores  and  their  equipment  has  been  of  the  poorest 
character.  This  condition  is  now  somewhat  improved  as  the  danger 
has  become  more  generally  recognized  and  has  been  made  the  sub- 
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jwt  i>f  siKtial  lt-};islatii»i  Iwth  by  insuraiic-e  interests  and  by  municipa] 
anil  town  onliiiiUKX's. 

Causes  of  Danger.    I1ir  litihtiri);  of  .such  theaters  comes  under 
the  orilinuri.-  rulfs  for  t-Irctriral  work  but  the  peculiar  danger  lie 


in  tin-  ns.-  i.r  till 
fluniniulilc  "filnl^ 


Litiip  |irnji'(tioii  niiKliim-s  with  tho  highly  iu- 
wliiili  ihc  pictnn's  «re  printed.     These  films 
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of  cellulose  coated  with  a  chemical  which  bums  with  great 
intensity  and  rapidity  and  with  an  almost  explosive  force.  A  biu*n- 
ing  film  cannot  be  extinguished  easily  and  evolves  an  enormous 
amount  of  heat  and  a  dense  and  suffocating  smoke.  In  displa^dng 
the  moving  pictures  the  film  (usually  500  to  1,500  feet  in  length)  is 
caused  to  pass  rapidly  in  front  of  a  special  arc  lamp  taking  from  25 
to  50  amperes  at  110  volts,  the  light  and  also  the  heat  of  the  arc  being 
concentrated  on  a  small  area  of  the  film  about  as  large  as  a  postage 
stamp  by  means  of  lenses  set  in  the  head  of  the  machine.  While 
the  m#^^»^^  is  in  normal  operation,  the  ribbon  of  film  is  moved  so 
rapidly  that  no  portion  of  it  has  time  to  become  heated.  If,  however, 
tor  any  cause,  the  advance  of  the  film  is  checked  so  that  a  portion  of 
it  remains  iw  even  a  few  seconds  exposed  to  the  concentrated  heat 
of  the  arc,  it  is  at  once  ignited  and  the  flame  spreads  to  the  adjacent 
parts  of  the  fillm  and  the  whole  reel  is  liable  to  biu*n  up  with  a  very 
intense  fire  which  may  endanger  the  life  of  the  operator  and  create 
a  serious  fire  hazard  to  the  building.  The  film  may  also  be  ignited 
by  coming  into  contact  with  the  hot  lamp  housing  or  with  the  resist- 
ance box  which  it  is  usually  necessary  to  use  in  the  arc  lamp  circuit 
to  regulate  the  current.  When  alternating  current  is  used  special 
forms  of  transformers  or  coils  may  be  used  instead  of  the  resistance 
box  or  rheostat  and  these  are  to  be  preferred  since  they  do  not  get 
so  hot. 

The  arc  lamp  and  rheostats  should  be  constructed  similarly  to 
arc  lamps  and  ilieostats  used  on  theater  stages.  Tight  metal  boxes 
made  without  solder  must  be  used  both  to  hold  the  reel  from  which 
the  film  is  unwound  in  order  to  expose  to  view,  and  also  to  receive 
the  film  after  it  has  passed  through  the  machine  head,  and  the  open- 
ings in  these  boxes  must  be  as  small  as  possible,  being  regulated  by 
rollers  between  which  the  film  may  pass  or  by  shutters  which  can 
be  instantly  closed.  The  handle  or  crank  used  in  operating  the 
machine  must  be  secured  to  the  spindle  or  shaft,  so  that  there  will  be 
no  liability  of  its  coming  off  and  allowing  the  film  to  stop  in  front 
of  the  lamp.  A  shutter  must  be  placed  in  front  of  the  condenser, 
arranged  so  as  to  be  readily  closed.  Extra  films  must  be  kept  in  a 
metal  box  with  tight-fitting  cover.  Machines  must  be  operated  by 
hand  and  never  by  motor,  since  the  failure  of  the  motor,  the  slipping 
or  breaking  of  a  belt,  or  other  like  accident  might  stop  the  film.    It 


241 


136  UNDERWRITERS'  REQUIREMENTS 

is  essential  that  the  film  and  the  operation  of  the  entire  equipment 
receive  the  constant  attention  of  the  operator.  The  picture  machine 
must  be  placed  in  an  enclosure  or  house  made  of  suitable  fireproof 
material,  must  be  thoroughly  ventilated,  and  should  be  made  large 
enough  for  the  operator  to  walk  freely  on  either  side  of  or  bade  of  it 
All  openings  into  this  booth  must  be  arranged  so  as  to  be  entirely 
closed  by  doors  or  shutters  constructed  of  the  same  or  equally  good 
fire-resisting  material  as  the  booth  itself.  Doors  or  covers  must  be 
arranged  so  as  to  be  held  normally  closed  by  spring  hinges  or  equiv- 
alent devices. 

The  construction,  location,  and  wiring  of  this  booth  are  the 
chief  considerations  in  the  equipment  of  a  moving-picture  theater 
and  no  pains  should  be  spared  to  obtain  the  highest  possible  degree 
of  security  in  every  detail,  in  its  construction  and  equipment,  and 
the  greatest  care  in  its  maintenance. 

CAR  WIRING 

The  electric  wiring  of  cars  requires  some  special  rules  which 
make  certain  exceptions  to  the  general  rules  on  the  one  hand  and 
which  make  some  special  extra  requirements  on  the  other  hand. 
These  special  rules  have  to  do  chiefly  with  the  protection  of  ctr 
bodies  and  woodwork  over  all  the  electrical  apparatus  such  as  motors, 
resistances,  contactors,  and  the  like,  and  over  such  of  th#  conductors 
as  are  not  run  in  conduit.  Other  somewhat  special  requirements 
apply  to  wires,  cables,  and  methods  of  making  joints  and  connections 
in  them,  to  the  location  and  type  of  fuses  and  circuit  breakers  to  be 
used,  to  six'cial  forms  of  conduit  and  wood  molding,  and  to  details 
of  the  lighting,  heating,  and  air-pump  circuits.  Yery  carefully  detailed 
requirements  have  been  worked  out  for  the  main  motor  circuits 
and  for  the  devices  used  in  connection  with  them.  As  all  of  these 
reciuirements  are  of  a  very  sptTial  character,  the  underwriters'  rules 
in  this  connection  should  l>e  studied  in  detail  by  those  directly 
interested  in  car  wiring. 

Car  houses  or  barns  present  some  hazards  which  can  be  reduced 
by  the  observance  of  a  few  sj>ecial  rules  which  are  determined  chiefly 
by  the  fact  that  the  railway  circuit  is  normally  grounded  and  thus 
requires  somewhat  different  treatment  from  the  ordinary  under- 
ground light  or  power  circuits. 
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UQHTINQ  AND  POWER  PROM  RAILWAY  WIRBS 

It  should  be  especially  noted  that  under  no  circumstances  is  it 
proper  to  take  lighting  or  power  circuits  from  trolley  or  third-rail 
railway  circuits  with  a  ground  return.  This,  of  course,  does  not  and 
cannot  apply  to  the  electric  railway  cars,  car  houses,  power,  passenger 
and  freight  houses  connected  with  the  operation  of  electric  railways 
in  which  the  use  of  such  circuits  is  obviously  necessary  and  which 
can  be  specially  guarded  and  supervised.  For  all  other  factories  or 
buildings  of  all  sorts,  power  from  grounded  railway  circuits  is  for- 
bidden because  of  the  danger  of  introducing  into  a  building  a  circuit 
which  has  so  much  capacity  back  of  it  and  which  is  thoroughly  con- 
nected with  the  earth  on  one  side.  The  inevitable  fluctuation  in 
voltage  would  also  frequently  require  overfusing  of  the  lighting 
circuits  to  prevent  blowing  fuses  under  normal  conditions. 

HIQH-  AND  EXTRA  HIGH-POTENTIAL  SYSTEMS 

Classification.  Under  low,  constant-potential  systems  are  in- 
cluded all  such  as  have  voltages  not  over  550  volts  but  it  should 
be  noted  that  this  distinction  is  an  arbitrary  one  adopted  for  the 
classification  of  the  rules  on  electrical  work  in  relation  to  the  fire 
hazard  and  is  not  made  in  just  this  way  in  classifying  power-trans- 
mission lines  and  conmiercial  systems  from  other  viewpoints.  In 
the  underwriters'  rules  any  circuit  attached  to  any  machine,  or 
combination  of  machines,  which  develops  a  difference  of  potential, 
between  any  two  ^4res,  of  over  550  volts  and  less  than  3,500  volts, 
shall  be  considered  as  a  high-potential  circuit  and  as  coming  under 
that  class,  imless  an  approved  transforming  device  is  used,  which 
cuts  the  difference  of  potential  down  to  550  volts  or  less.  Similarly 
if  the  difference  of  potential  between  any  two  wires  is  over  3,500 
volts  the  circuit  is  classed  as  an  extra  high-potential  circuit  unless 
an  approved  taransforming  device  is  used.  This  means  that  where 
the  power  is  brought  to  a  transformer  on  primary  lines  of  not  over 
3,500  volts  and  the  secondary  lines  are  not  over  550  volts,  the  sec- 
ondary' sjrstem  of  light  or  power  is  considered  a  low-potential  system, 
but  if  the  primary  wires  of  550  to  3,500  volts  are  direct  to  the  power- 
consuming  devices,  as  motors,  without  the  outside  transformer, 
the  s>'stem  is  considered  a  high-potential  system.  If  the  primary 
lines  are  over  3,500  volts,  the  secondary  lines  beyond  the  transformers 
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urt*  (-Ia>MMl  a.s  hi^h-iM>t(Mitial  hikI  wliere  no  transformer  b  employed 
x\\v  cinuit  is  rxtra  iii^li-]NitiMitial. 

Ilijrli-  and  fxtra  hi};h-]N)ti'ntial  systems  are,  of  course,  usually 
alttTiiatiii^'-<-urn'nt  rirciiits  since  only  alterimting  current  is  ordi- 
narily UM'ii  fnr  i»vtT  TiOO  viilts.  Tliere  are,  however,  a  number  of 
railway  in'NtaIlatinii>  in  the  Tnitt'cl  States  operating  at  1,200  volts 
(lirrrt  ciirn  lit  and  this  ty]K'  of  {M)\ver  distribution  is  becoming  aome- 
whnx  (Miiiiiiioii.  A  1.2f)0-volt  cin-uit  is,  of  course,  classed  as  hig^ 
]N)t(*ntiiiI.  Tm'  i>  niadi*  of  hi^'h-])otential  circuits  for  both  ligiht  and 
]Mi\v(T  pnr]MiM'>  and  its  advanta^*s  over  low  voltages  lie  in  tbe  smaller 
si/rd  (•o])iM*r  that  can  Im*  nsiul  to  transmit  a  given  amount  of  power 
over  a  certain  distancv  with  a  siH^cified  percentage  of  loss  due  to  the 
line  wires. 

Requirements  for  Safety.  For  lighting,  2,200-  to  2,500-volt 
circnit>  an*  UM-d  ti»  transmit  the  {Miwer  fn)m  the  generating  station 
ti)  >tandard  tran>fnrniers  at  or  near  buildings  where  the  light  b  used 
and  thi-M'  transfnnners  step  down  the  voltage  either  to  110  or  220 
vnlts  or  to  a  thnt'-wire  ]]0-  to  iitV-volt  system  on  the  secondai}' 
side  fi»r  the  lamps.  A  very  tvw  cities  and  towns  employ  a  220-  to 
4in-voh  thnH»-win'  scccnuiary  system  but  this  is  not  usual  or  de- 
sirable in  p'ueral.  as  nu»^t  fittinp^,  fusi»s,  etc.,  are  designed  for  not 

over  L*.")^  V«)lt<. 

Mi)tnr>  <li'^i;:ried  for  alternating  current  may,  of  course,  be 
o|Krated  nil  tlie^'  -erniularies  and  such  secondary  circuits  whether 
for  li;:lit  nr  pnwiT  an*  simply  l(>w-])otential  circuits  provided  the 
liiirher  volta^re  line>  viu\  at  transformers  suitably  installed  outside 
the  huildinp^  nr  a>  iM\ir  as  ])(»s>il)U»  ti>  the  point  where  the  primal}' 
win-s  eiitt  r  the  htiiidiii;:^.  The  outsiih*  IcK'atitm  is  much  to  be  pre- 
frrred. 

Wluii  rinnit^  hnviii;:  hi^rh-potential  transformers  are  located 
iii>idr  nt'  ImiidiiiL'-  they  --hould  Im-  placvd  in  an  enclosure  made  of 
fin'-n-i-Tiiii:  iriiiirri.il  --nrli  a^  hri<'k.  tile.  (»r  concrete.  The  enclosure 
sliniiM  Im-  ii-rd  t'nr  iH»tliiii.i:  luit  the  transformers  and  should  be  kept 
liM'ked.  i'ii:.  \'-''\  -liMW^  >\u'h  an  ench>sun'  or  vault  for  transformers. 
It  i-  a  p"mI  j)|jm  t«»  ;irr;jiii:e  tlie  tran>f( inner  room  or  enclosure  so  that 
it  (iin  he  eiiirnil  niily  fmni  «»ut«l(>c)rs,  since  then,  even  if  the  door 
sImhiM  1i;i])jmm  t«»  Im-  njHii  at  the  time  of  a  fire  in  this  room,  it  b 
prohahle  tluit  no  e>]MMial  harm  would  Ix*  tlone.    Moreover,  the  fire 
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could  doubtless  be  better  handled  from  the  out»de.  The  trans- 
ftwmers  must  be  thoroughly  insulated  from  the  ground,  or  per- 
manently and  effectually  grounded,  and  the  enclosure  in  which  they 
are  placed  must  be  practically  ^r-tigbt,  except  that  it  must  be 


thoroughly  ventilated  to  tlie  outdoor  air,  if  possible  through  a  chim- 
ney or  flue.  There  should  be  at  least  six  inches  of  air  space  on  all 
sides  of  the  transformer.  This  rule  will  permit  of  either  the  insulating 
or  grounding  of  transformer  ca.ses  as  seems  most  advisable  under  the 
conditions,  but  will  require  that  with  either  arrangement  the  work 
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be  well  done,  and  that  unless  good  insulation  be  provided  the  caaes 
be  definitely  grounded.  The  object  of  an  air-tight  endosuie  is  to 
prevent  smoke  from  escaping  or  fire  from  spreading,  in  case  the 
transformer  coils  should  become  overheated  from  an  overload  or 
should  be  ignited  by  a  break-down  in  the  insulation  between  tlie 
primary  and  secondary  coils.  This  is  especially  important  ¥rith  oil- 
cooled  transformers  in  which  the  danger  from  an  oil-fire  is  added  to 
the  usual  electrical  hazanls  involved. 

^^^lereve^  high-potential  circuits  are  brought  into  a  building 
only  rul)l)er-covered  wire  should  be  used  and  special  care  should  be 
taken  with  the  win?  supports  to  protect  the  wires  from  mechanical 
injury  since  a  failure  resulting  in  an  arc  is  very  dangerous  at  this 
high  voltage.  Substantial  boxing  about  wires  on  side  walls  and 
running  boards  where  circuits  cross  floor  timbers  are  very  necesaany, 
as,  in  fact,  are  all  the  precautions  and  rules  for  good  wiring  and  good 
workmanship  throughout.  A  very  large  number  of  motors  are  now 
used  taking  2,200  to  2,500  volts  at  the  motor  terminals.  Such  power 
installations  can  be  made  reasonably  safe  by  careful  planning  of  the 
circuits  and  by  excellence  of  .installation  and  upkeep  of  all  wiring 
and  connected  apparatus.  No  multiple-series  or  series-multiple 
system  of  lighting  is  allowe<i  on  high  potential  circuits. 

Extra  high-potential  circuits  are  not  allowed  either  in  or  over 
buildings  except  power  stations  and  substations.  WTiere  extra 
high-j)otential  primary  circuits  (over  3,500  volts)  supply  transformers 
the  secondary  wiring  must  be  installed  as  high-potential  circuits 
(550  to  .3,500  volts)  unless  the  primaries  are  installed  in  complete 
compliance  with  the  rules  governing  outside  work  on  constant- 
potential  pole  lines  over  5,000  volts  or  are  wholly  underground 
within  city,  town,  and  village  limits. 

In  concluding  the  consideration  of  these  higher  voltage  or- 
cuits,  it  is  proper  to  refer  again  to  the  fact  that  the  higher  the  volt- 
age employed  the  greater  the  need  of  care  in  installation,  upkeep,  and 
operation  since  the  results  of  accidental  arcs  are  more  serious. 

SIQNALINQ  SYSTEMS 

Wiring  Requirements.  The  wiring  and  other  devices  in  the 
great  variety  of  signal  systems  now  employed  in  buildings,  present 
as  a  general  rule  no  hazard  except  their  liability  to  become  crossed 
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either  outside  or  inside  buildings  with  electric  light,  heat,  or  power 
dicuits.  Such  signal  systems  include  telephone,  telegraph,  district 
messenger  and  call  bell,  fire  and  burglar  alarm,  and  all  similar  ap- 
pliances and  circuits.  It  is  seldom  that  the  wires  of  any  of  these 
^"Sterns  are  installed  in  buildings  with  the  same  care  as  are  those 
for  lighting  or  power,  and  the  insulations  employed  on  signal  wires 
are  ver>'  generally  far  inferior  to  those  specified  for  light  and  power 
circuits.  Furthermore,  since  signal  systems  are  usually  operated 
from  either  primary  or  secondary  (storage)  batteries  of  low  voltage 
and  limited  current  capacity,  they  may  be  and  conunonly  are  in- 
stalled with  little  attention  to  separation  of  the  wires,  either  from 
eadi  other,  or  from  the  surfaces,  walls,  and  floors  to  which  they  are 
attached.  It  follows,  therefore,  that  all  care  should  be  taken  to 
prevent  light  and  power  wires  carrjdng  currents  of  large  capacity  and 
relatively  high  voltages  from  coming  in  contact  with  signal  wires 
»noe  in  such  event  dangerous  fires  might  very  readily  be  caused. 
Hie  same  advantages  in  having  wires  imdergroimd  instead  of  being 
placed  on  poles  apply  to  signal  as  well  as  to  light  and  power  circuits, 
but  the  two  classes  should  never  occupy  the  same  underground 
duct,  manhole,  or  handhole  even  when  cables  are  used,  since  in  the 
mechanical  work  or  repairs  on  the  lines  an  injiu*y  resulting  in  a  cross 
between  the  systems  might  cause  a  dangerous  current  from  the 
higher  voltage  lines,  to  outer  buildings,  over  the  weakly  insulated 
and  poorly  protected  signal  wires.  The  liability  of  accidental  cross- 
ing of  overhead  signaling  circuits  with  electric  light  and  power  cir- 
cuits may  be  guarded  against  to  a  considerable  extent  by  endeavor- 
ing to  keep  the  two  classes  of  circuits  on  different  sides  of  the  same 
street.  The  Code  prescribes  that  signal  wires  on  pole  lines  also 
carrying  electric  light  or  power  wires  shall  generally  be  placed  on 
the  lower  cross-arms.  This  arrangement  is  not,  however,  favored 
by  many  engineers  or  by  all  municipal  authorities,  who  prefer  that 
signal  wires  be  put  on  the  top  arms  or  on  extensions  above  the 
tops  of  the  poles.  The  arguments  in  favor  of  putting  the  signal 
wires  lowest  on  the  poles  are  that  they  are  by  many  judged  to  be 
more  liable  to  break  and  fall,  especially  when  loaded  with  sleet, 
because  of  their  lesser  size  and  strength;  also  in  case  of  city  fire  alarm 
circuits  which  are,  of  com-se,  very  important,  the  lower  position 
enables  linemen  making  repairs  to  get  at  the  fire-alarm  wires  without 
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passing  up  through  the  light  and  power  wires  which  may  be  diarged 
with  dangerous  voltages. 

The  arguments  in  favor  of  putting  signal  wires  at  the  top  are— 
they  are  small  and,  therefore,  collect  less  ice  or  sleet  and  so  are  less 
liable  to  break;  the  light  and  power  wires  are  often  better  insulated 
and  a  signal  wire  breaking  is  less  liable  to  make  a  real  live  contact 
with  them;  the  fall  of  a  heavy  power  cable  may  wTeck  all  of  the 
signal  wires  if  the  latter  are  below;  in  the  case  of  city  fire-alarm 
circuits  the  upi)er  location  removes  them  from  misuse  and  injury 
when  wiremen  are  working  on  the  other  lines.  However,  it  may  be- 
said  that  there  is  no  general  agreement  either  in  theory  or  practice 
on  this  subject. 

Single  wires  of  signal  circuits  on  the  outside  of  buildings  should 
have  rubber  insulation  and  where  attached  to  frame  buildings  should 
be  secured  to  glass  or  porcelain  insulators  or  knobs.  Only  copper 
wire  should  be  used  for  the  span  from  the  last  pole  to  the  buikl- 
ing  and  the  wires  should  pass  through  outside  walls  through  in- 
sulating  bushings  and  have  drip  loops  the  same  as  electric  li^t 
wires.  Inside  of  buildings  neat  arrangement  and  secure  fastening 
of  all  wires  is  essential  to  keep  them  properly  placed  and  no  signal 
wire  should  come  nearer  than  three  inches  to  any  light  or  power  wire, 
unless  separated  therefrom  by  some  continuous  and  firmly  fixed 
nonK'onductor  creating  a  permanent  separation,  this  non-conductw 
to  l)e  in  addition  to  the  regular  insulation  on  the  wire  as  the  wires 
would  ordinarily  be  insulated,  but  the  kind  of  insulation  is  not 
specified,  as  the  protector  descrilxHl  below  is  relied  upon  to  stop  all 
dangerous  currents.  Porcelain  tubing,  approved  flexible  tubing,  or 
rigid  conduit  may  be  used  for  encasing  wires  where  required  as  abo\'e. 
Wires  where  bunche<l  together  in  a  vertical  run  within  any  building 
should  have  a  fire-resisting  covering  sufficient  to  prevent  them  from 
carrying  fire  from  floor  to  floor  unless  they  are  run  either  in  non- 
combustible  tubing  or  in  a  fireproof  shaft,  which  shaft  should  be 
providwl  with  fire  stops  at  each  floor. 

Signaling  wires  and  electric  light  or  power  wires  may  be  run  in 
the  same  shaft,  provided  that  one  of  these  classes  of  wires  is  run  in 
non-combustible  tubing,  otherwise  the  two  classes  of  wires  should  be 
separated  from  each  other  by  at  least  two  inches.  In  no  case  should 
signaling  wires  be  run  in  the  same  tube  with  light  or  power  wires. 
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Protecting  Devices.  In  signal  installations  where  the  current- 
carrying  parts  of  the  apparatus  installed  are  capable  of  carrying 
indefinitely  without  overheating  a  current  of  ten  amperes  (as  in 
some  telegraph  or  special  systems)  the  inside  wires  should  be  of 
copper  at  least  as  large  as  No.  16  B.  &  S.  gauge  and  must  have  the 
same  insulation  and  be  supported  the  same  as  electric  light  or  power 
wires  for  600  volts.  At  the  entrance  to  the  building  each  wire  should 
be  protected  by  a  10-ampere  600-volt  fuse.  Such  signal  circuits  as 
the  above  are  much  less  conmion  than  those  not  suited  for  a  10- 
ampere  current.  Telephone,  district  messenger,  private  watchmen's 
time  recorders,  biu-glar  alarms,  and  fire-alarm  circuits,  are  never 
capable  of  carrj-ing  10  amperes  continuously  and  for  these  a  special 
"protector"  is  required  located  as  close  as  possible  to  the  entrance  of 
the  building.  The  purpose  of  this  protector  is  to  prevent  any  foreign 
current  or  any  lightning  discharge  from  entering  the  building  over 
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^CAT  CO/L 
Fig.  135.     Circuit  Showing  Proper  Placing  of  Protecting  Devices 

the  signal  wires.  For  telegraph  circuits  this  protector  takes  the  form 
of  a  2,000-volt  fuse  in  each  wire.  The  commoner  "protector**  such 
as  is  used  on  telephone  Hnes  should  have  the  following  parts  mounted 
on  a  porcelain  or  slate  base  on  which  all  parts  are  well  insulated:  a 
lightning  arrester  which  will  operate  at  500  volts  or  more  from  a 
ground  wire  not  less  than  No.  18  B.  &  S.  gauge;  a  fuse  in  each  side  of 
the  circuit  which  will  blow  with  small  currents  (^  to  8  amperes)  and 
will  operate  well  on  the  voltages  likely  to  reach  the  protector  in  case 
of  accident.  Where  very  sensitive  instruments  are  in  the  circuit, 
such  as  contain  magnet  windings  which  are  easily  overheated,  there 
must  be  a  heat  coil  on  each  side  of  the  line.  '  The  heat  coil  is  designed 
to  warm  up  and  melt  out  with  a  current  large  enough  to  endanger 
the  instnunents  if  continued  for  a  long  time,  but  so  small  that  it 
would  not  blow  the  fuses  ordinarily  found  necessary  for  such  instru- 
ments.   The  smaller  currents  are  often  called  aiieak  currents.    On 
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those  telephone  circuits  which  are  supplied  with  current  entirdr 
from  the  central  telephone  headquarters  sneak  or  heat  coils  are  nut 


Via.  134.     ConmoD  Form  of  Talapbona  ProtMtor 


Decessar>'.  The  fuses  must  be  so  placed  as  to  protect  the  arrester 
and  heat  coils,  and  the  protector  terminals  must  be  plainly  marked 
line,  instrument,  or  ground. 

The  relative  arrangement  of  parts  is  shown  in  diagram  in  Pig. 
135  and  a  common  form  of  protector  in  Fig.  136. 

TESTING 

Where  possible,  two  tests  of  the  electric  wiring  equipment  should 
be  made,  one  after  the  wiring  itself  is  entirely  completed,  and  switches, 
cut-out  panels,  etc.,  are  connected;  and  another  one  after  the 
fixtures  have  all  been  installed.  The  reason  for  this  a  that  if  a  ground 
or  short-circuit  is  discovered  before  the  fixtures  are  installed,  it  a 
more  easily  remedied;  and  also,  because  there  is  no  division  of 
the  responsibility,  as  there  might  be  if  the  first  test  were  made  only 
after  the  fixtures  were  iiistnlled.  If  the  test  shows  no  grounds  or 
short-circuits  before  the  fixtures  are  installed,  and  one  does  dev^ 
after  they  arc  installed,  the  trouble,  of  course,  is  that  the  short-circuit 
or  ground  is  one  or  more  of  the  fixtures.  As  a  matter  of  fact,  it  i3> 
wise  plan  always  to  make  a  separate  test  of  each  fixture  after  it  b 
delivered  at  the  building  and  before  it  is  installed. 

WTiile  a  viagneto  is  largely  used  for  the  purpose  of  testing,  it  is 
at  best  a  crude  and  unreliable  method.  In  the  first  place,  it  does 
not  give  an  indication,  even  approximately,  of  the  total  insulatiw 
resistance,  but  merely  indicates  whether  or  not  there  is  a  ground  of 
short-circuit.     In  some  instances,  moreover,  a  magneto  test  lu^ 
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led  to  serious  errors,  for  reasons  that  will  be  explained.  If,  as  is 
nearly  always  the  case,  the  ma^eto  is  an  alternating-ciurent  instru- 
ment, it  may  sometimes  happen — particularly  in  long  cables,  and 
especially  where  there  is  a  lead  sheathing  on  the  cable — that  the 
magneto  will  ring,  indicating  to  the  uninitiated  that  there  is  a  ground 
or  short-circuit  on  the  cable.  This  may  be,  and  usually  is,  far  from 
being  the  case;  and  the  cause  of  the  rin^ng  of  the  magneto  is  not  a 
ground  or  short-drcuit,  but  is  due  to  the  capacity  of  the  cable,  which 
acts  as  a  condenser  under  certain  conditions,  since  the  magneto  pro- 
ducing an  alternating  current  repeatedly  charges  and  discharges  the 
cable  in  opposite  directions,  this  changing  of  the  current  causing  the 
magneto  to  ring.  Of  course,  this  defect  in  a  magneto  could  be 
remedied  by  using  a  conmiutator  and  changing  it  to  a  direct-current 
machine;  but  as  the  method  is  faulty  in  itself,  it  is  hardly  worth  while 
to  do  this. 

A  portable  galvanometer  with  a  resistance  box  and  Wheatstoue 
bridge,  is  sometimes  employed;  but  this  method  is  objectionable 
because  it  requires  a  special  instrument  which  cannot  be  used  for 
many  other  pm-poses.  Furthermore,  it  requires  more  skill  and  time 
to  use  than  the  voltmeter  method,  which  will  now  be  described. 

Voltmeter  Method.  The  advantage  of  the  voltmeter  method 
is  that  it  requires  merely  a  direct-current  voltmeter,  which  can  be 
used  for  many  other  purposes,  and  which  all  engineers  or  contractors 
should  possess,  together  with  a  box  of  cells  having  a  potential  of 
preferably  over  30  volts.  The  voltmeter  should  have  a  scale  of  not 
over  150  volts,  for  the  reason  that  if  the  scale  on  which  the  battery 
is  used  covers  too  wide  a  range  (say  1,000  volts)  the  readings  might 
be  so  small  as  to  make  the  test  inaccurate.  A  good  arrangement  would 
be  to  have  a  voltmeter  having  two  scales — say,  one  of  60  and  one  of 
600 — which  would  make  the  voltmeter  available  for  all  practical 
potentials  that  are  Ukely  to  be  used  inside  of  a  building.  If  desired, 
a  voltmeter  could  be  obtained  with  three  connections  having  three 
scales,  the  lowest  scale  of  which  would  be  used  for  testing  insulation 
resistances. 

Before  starting  a  test,  all  of  the  fuses  should  be  inserted  and 
switches  tiu-ned  on,  so  that  the  complete  test  of  the  entire  installation 
can  be  made.  When  this  has  been  done,  the  voltmeter  and  battery 
should  be  connected,  so  as  to  obtain  on  the  lowest  scale  of  the  volt- 
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Saltery 
llllllllllh 


meter  the  electromotive  force  of  the  entire  group  of  cells.    This 
connection  is  shown  in  Fig.  137.    Immediately  after  this  has  been 

done,  the  insulation  resistance 
to  be  tested  is  placed  in  cir- 
cuit, whether  the  insulation  to 
be  tested  is  a  switchboard,  slate 
panel-board,  or  the  entire  wiring 
installation;  and. the  connections 
are  made  as  shown  in  Fig.  138. 
A  reading  is  again  taken  of  the 
voltmeter  and  the  leakage  is 
thus  obtained,  as  it  is  in  pro- 
portion to  the  difference  be- 
tween the  first  and  second  voltmeter  readings.  The  explanation 
given  below  will  show  how  this  resistance  may  be  calculated.  It  b 
evident  that  the  resistance  in  the  first  case  was  merely  the  resistance 
of  the  voltmeter  and  the  internal  resistance  of  the  battery.  As  a 
rule,  the  internal  resistance  of  the  battery  is  so  small  in  comparison 
with  the  resistance  of  the  voltmeter  and  the  external  resistance,  that 
it  may  be  entirely  neglected,  and  this  vn\l  be  done  in  the  following 
calculation.  In  the  second  case,  however,  the  total  resistance  in  cir- 
cuit is  the  resistance  of  the  voltmeter  and  the  battery,  plus  the 
entire  insulation  resistance  on  all  the  wires,  etc.,  connected  in  circuit. 
To  put  this  in  mathematical  form,  the  voltage  of  the  cells  may 
be  indicated  by  the  letter  E:  and  the  reading  of  the  voltmeter  when 


Fig.  137.     Connection!  for  Voltmeter  Test 
Before  Circuit  i»  Connected 
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Fig.  13S.     Connections  for  Voltmeter  Test  with  the  Insulation  to  be  Tested  in  Circuit 

the  insulation  resistance  is  connected  by  the  circuit,  by  the  lettCTiS'. 
Let  li  represent  tlie  resistance  of  the  \t>ltmeter  and  /t,  represent  the 
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insulation  resistance  of  the  installation  which  we  wish  to  measure. 
It  is  a  fact  which  the  reader  undoubtedly  knows,  that  the  e.  m.  f .  as 
indicated  by  the  voltmeter  in  Fig.  138  is  inversely  proportional  to  the 
resistance;  that  is,  the  greater  the  resistance,  the  lower  will  be  the 
reading  on  the  voltmeter,  as  this  reading  indicates  the  leakage  or  cur- 
rent passing  through  the  resistance.  Putting  this  in  the  shape  of  a 
formula,  we  have  from  the  theory  of  proportion 


or 


Transposing 


and 


E  :E'  ::R+R^  :R 
E'  R+E'  R^=ER 
E'  R^=E  R-E'  R--R  {E-E') 
R{E-E') 


Or,  expressed  in  words,  the  insulation  resistance  is  equal  to  the  resist- 
ance of  the  voltmeter  muhiplied  by  the  difference  between  the  first 
reading  (or  the  voltage  in  the  cells)  and  the  second  reading  (or  the 
reading  of  the  voltmeter  with  the  insulation  resistance  in  series  with 
the  voltmeter),  divided  by  this  last  reading  of  the  voltmeter. 

Example.  Assume  a  resistance  of  a  voltmeter  R  of  20,000  ohms, 
and  a  voltage  of  the  cells  £  of  30  volts;  and  suppose  that  the  insula- 
tion resistance  test  of  a  wiring  installation,  including  switchboard, 
feeders,  branch  circuits,  panel-boards,  etc.,  is  to  be  made,  the  insula- 
tion resistance  being  represented  by  the  letter  R^^.  By  substituting 
in  the  formula  ^ 

R(E-E') 


R,= 


"x 


L 


E' 


and  assuming  that  the  reading  of  the  voltmeter  with  the  insulation 
i^istance  connected  is  5,  we  have 

20,000  X  (30-5) 
/?,=  — ^ -^ =  100,000  ohms 

If  the  test  shows  an  excessive  amount  of  leakage,  or  a  ground  or 
^ort-circuit,  the  location  of  the  trouble  may  be  determined  by  the 
process  of  elimination — ^that  b,  by  cutting  out  the  various  feeders 
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until  the  ground  or  leakage  disappears,  and,  when  the  feeder  on  wUdi 
the  trouble  exists  has  been  located,  by  following  the  same  ptooea 
with  the  branch  circuits. 

Of  course,  the  larger  the  installation  and  the  longer  and  more 
numerous  the  circuits,  the  greater  the  leakage  will  be;  and  the  lower 
will  be  the  insulation  resistance,  as  there  is  a  greater  surface  eiqposed 
for  leakage.  The  rules  of  the  Code  give  a  sliding  scale  for  the  require- 
ments as  to  insulation  resistance,  depending  upon  the  amount  of 
current  carried  by  the  various  feeders,  branch  circuits,  etc.  Hie  rale 
of  the  Code  covering  this  point,  is  as  follows: 

The  wiring  in  any  building  must  test  free  from  grounds;  t.  «.,  the  eom- 
plcte  installation  must  have  an  insulation  between  conductors  and  betwwn 
all  conductors  and  the  ground  (not  including  attachments,  sockets,  reeepto- 
cles,  etc.)  not  less  than  that  given  below: 

Up  to         5  amperes 4,000,000  ohms 

I'p  to       10  amperes 2,000,000  ohms 

Up  to       25  amperes 800,000  ohms 

Up  to       50  amperes 400,000  ohms 

Up  to     100  amperes 200,000  ohms 

Up  to     200  amperes 100,000  ohms 

Up  to     400  amperes 50,000  ohms 

Up  to     800  amperes 25,000  ohms 

Up  to  1,600  amperes 12,500  ohms 

The  test  must  be  made  ^ith  all  cut-outs  and  safety  devices  in  place.  If 
the  lamp  sockets,  receptacles,  electroliers,  etc.,  are  also  connected,  only  one- 
half  of  the  resistances  specified  in  the  table  will  be  required. 

DEVICES  AND  MATERIALS 

Xo  care  in  installing  electrical  equipments  will  entirely  com- 
pensate for  the  use  of  inferior  or  defective  de\dces  or  materials. 
The  National  Board  of  Fire  I'nderwTiters  has  for  many  years  main- 
taine<l  a  system  of  tests  and  examinations  of  electrical  appliances, 
and  issues  twice  a  year  a  **List  of  Electrical  Fittings"  which  con- 
tains in  a  classified  form  under  the  names  of  their  manufacturers  all 
of  the  standard  and  special  fittings  and  materials  which  have  been 
approved.  These  tests  and  examinations  are  made  and  the  approvals 
are  issued  by  Underwriters'  Laboratories,  Inc.,  a  thoroughly  equipped 
institution  maintained  in  Chicago  by  the  fire  insurance  interests,  for 
the  express  purpose  of  examining  and  testing  all  kinds  of  devices  and 
materials,  electrical  and  otherwise,  which  have  any  bearing  what- 
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soever  on  the  fire  hazard.  This  'Xist  of  Fittings"  issued  semi- 
annually, is  universally  recognized  as  the  only  complete  and  reliable 
guide  to  properly  safeguarded  electrical  appliances  and  it  should  be 
consulted  and  followed  in  the  choice  and  purchase  of  supplies.  The 
Underwriters'  Laboratories  also  maintain  an  elaborate  system 
whereby  manufacturers  may  obtain  and  place  on  their  wares  special 
labels  issued  by  the  Laboratories,  which  thus  become  a  guarantee  on 
the  goods  themselves  that  the  articles  bearing  such  labels  are  in  con- 
formity with  underwriters'  rules  and  have  been  examined  and  tested 
by  si)ecial  underwriters'  inspectors  at  the  factories  where  they  are 
made.  This  system  of  label  service  and  inspection  is  not  yet  extended 
to  all  classes  of  approved  electrical  devices,  but  for  those  classes  of 
appliances  which  are  now  included,  the  label  may  be  regarded  as 
affording  to  prospective  purchasers  and  users  reliable  evidence  not 
only  of  the  general  approval  of  the  design  but  also  that  the  particular 
sample  bearing  the  label  is  made  in  accordance  with  requirements 
and  is  suitable  for  use. 

1^  The  constructional  details  of  electrical  fittings  and  materials 
together  with  the  chief  tests  to  which  they  are  subjected,  prior  to 
approval,  are  contained  in  what  is  known  as  "Class  D"  of  the  Code. 
This  pamphlet  should  be  consulted  for  full  details  or  inquiry  should 
be  addressed  to  Underwriters'  Laboratories,  207  East  Ohio  Street, 
Chicago,  Illinois,  for  information  npt  given  in  the  Code  or  in  the 
semi-annual  "List  of  Fittings." 

In  the  following  pages  is  given  a  brief  discussion  of  the  chief 
characteristics  and  requirements  of  some  of  the  more  common 
materials  and  of  the  more  important  classes  of  devices  used  in  elec- 
trical construction  work. 

RUBBBR-COVBRBD  WIRB 

General  Specifications.  A  considerable  variety  of  grades  of 
rubber-covered  wire  is  manufactured,  some  makers  offering  several 
grades  and  others  only  one  or  two  at  most.  The  chief  distinction 
lies  in  the  quality  and  quantity  of  real  new,  pure,  fine  rubber  gum 
used  in  the  compound.  It  is  not  possible  to  determine  or  grade  the 
exoellenoe  of  a  rubber  compound  by  any  direct  or  readily  applied 
tests,  but  somewhat  elaborate  tests,  physical,  chemical,  and  elec- 
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TABLE  IV 
Thickness  of  Rubber  lasulatkM 


B.  A  S.  Gauok 

Tbicknbm 

18  to       16 

1-32  inch 

15  to         8 

3-64  inch 

7  to         2 

1-16  inch 

1  to  0000 

5-64  inch 

Circular  Mill 

250,000  to     500,000 

3-32  inch 

500,000  to  1,000,000 

7-64  inch 

Over            1,000,000 

1-8  inch 

1 

trical,  are  necessary  to  arrive  at  any  correct  estimate.  The  following 
properties  of  good  wire  may,  however,  be  noted.  The  rubber  should 
be  neither  hard  and  dry,  nor  soft  and  spongy.  When  examined 
minutely  it  should  appear  of  a  close  uniform  texture  free  from  smsU 
bits  of  unmixed  matter  or  pinholes.  It  should  adhere  closely  to  the 
tinned  copper.  The  thickness  of  rubber  wall  should  correspond  to 
the  data  given  in  Table  IV. 

Measurements  of  insulating  wall  are  to  be  made  at  the  thinnest 
portion  of  the  dielectric  and  it  should  be  very  carefully  noted  whether 
the  copper  is  exactly  centered  in  the  rubber  covering  so  that  the  fuD 
prescribed  insulation  is  maintained  on  all  sides. 

The  rubber  insulation  should  exhibit  a  fair  degree  of  elasticity 
when  pieces  cut  from  the  wire  are  stretched  and  released.  If  the 
rubber  breaks  with  a  very  slight  pull  and  shows  no  ability  to  stretch 
and  recover  its  first  length  it  is  probable  that  a  very  poor  grade  of 
gum  has  been  used,  or  that  the  manufacturing  process  is  defective, 
or  both. 

After  the  braid  has  been  carefully  removed  it  should  be  posaUc 
to  wind  the  smaller  sizes  of  wire  about  a  cvlinder  of  the  same  diameter 
as  the  rubber-covered  wire  without  the  rubber  showing  any  breab 
or  cracks  either  at  once  or  after  several  davs. 

The  foregoing  should  be  considered  as  only  rough  tests  and  not 
susceptible  of  exact  application  except  under  conditions  whidi  can 
be  maintained  in  a  regular  testing  laboratory.  No  directions  can  be 
given  which  will  jx^rmit  any  but  an  expert  chemist  to  make  chemical 
examinations  of  rubber  compounds. 
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The  braids  should  be  of  close  weare  and  should  be  very  thor- 
oughly saturated  with  the  compoimd.  All  wires  should  have  through 
their  entire  length  a  marker  indicating  by  whom  they  were  made 
and  each  coil  should  bear  a  tag  giving,  beside  the  maker's  name,  the 
maximum  voltage  for  which  it  is  designed,  the  words  ''National 
Electrical  Code  Standard/'  and  the  month  and  year  when  it  was 
manufactured.  Every  coil  of  approved  wire  is  separately  tested  by 
the  maker  at  the  factory  by  at  least  two  electrical  tests,  one  designed 
to  show  that  the  insulation  is  free  from  mechanical  defects  and  the 
other  to  show  at  least  a  minimum  insulation  value. 

Special  Insulation.  Most  makers  are  prepared  to  furnish  at  a 
special  price  a  grade  of  wire  conmionly  known  as  "thirty  per  cent 
Para."  This  wire  is  understood  to  have  an  insulation  containing  at 
least  30  per  cent  of  "fine,  pure,  up-river  Para"  gum  which  is  much 
more  than  common  commercial  rubber-covered  wire  contains.  This 
30  per  cent  wire  is  also  made  according  to  certain  rather  exacting 
specifications  designed  to  insure  a  high  grade  of  insulation  with  good 
lasting  properties.  Wire  of  this  description  is  often  specified  where 
an  extra  good  quality  is  desired  for  first  class  work. 

A  good  compoimd  should  contain  a  large  percentage  of  pure, 
fine,  new  rubber  of  excellent  quality.  Para  rubber  is  universally 
admitted  to  be  the  best  for  imparting  life,  strength,  and  durability 
to  the  insulation.  The  use  of  reclaimed  rubber  or  any  of  the  so-called 
rubber  substitutes  reduces  the  excellence  of  the  compound  approxi- 
mately in  the  proportion  in  which  it  is  used.  The  other  ingredients 
ci  a  good  compound  are  solid,  waxy,  hydrocarbons,  suitable  mineral 
matter  and  sulphiur.  The  sulphiur  plays  an  important  part  in  the  vul- 
canizing of  the  compound,  the  process  whereby  the  rubber  is  trans- 
formed from  its  original  and  almost  crude  state  into  the  substance 
familiar  to  us  as  manufactured  rubber  in  any  oneof  its  numerous  forms. 

Fixture  Wire.  Fixtmes  may  be  wired  with  flexible  cord  or 
standard  rubber-covered  we,  and  for  other  wires  for  use  in  fixtures, 
the  following  rules  apply:  The  wire  may  be  either  solid  or  stranded 
and  not  less  than  No.  18  B.  &  S.  gauge.  Solid  conductors  must  be 
tinned  and  stranded  conductors  must  be  of  strands  not  less  than 
No.  30  B.  &  S.  gauge  and  must  have  a  cotton  wind  between  copper 
and  rubber.  The  No.  18  wire  may  have  a  rubber  insulation  A-inch 
thick,  but  No.  16  and  also  flexible  cord  used  in  fixtures  must  have 
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at  least  A-inch  rubber.  All  sizes  must  be  covered  with  a  good 
braid.  The  concession  of  so  thin  a  rubber  wall  on  No.  18  wire  has 
been  made  because  a  very  small  wire  must  be  used  to  pass  throu^ 
the  arms  and  other  parts  of  many  fixtures. 

In  wiring  certain  designs  of  show-case  fixtures,  ceiling  bullV 
eyes  and  similar  appliances,  in  which  the  wiring  is  exposed  to  tem- 
peratures in  excess  of  120°  F.  (49°  C),  from  the  heat  of  the  lamps, 
slow-burning  wire  may  be  used. 

Insulation  for  Conduit  and  Armored  Circuits.  For  all  conduit 
work  and  in  all  armored  cable  the  wire  is  regular  standard  rubber- 
covertnl  with  an  extra  braid.  For  twin  or  duplex  wires,  this  outer 
braid,  which  should  be  at  least  /i-inch  thick,  is  made  as  a  covering 
over  the  two  regular  rubber-c*overed  and  braided  conductors.  These 
twin  wires  are  generally  used  in  conduit  work  but  where  single  con- 
ductors are  used  they  must  also  have  double  braid.  The  purpose  of 
this  extra  outer  braid  is  primarily  to  withstand  the  abrasion  and 
strain  resulting  from  hauling  the  conductors  through  the  conduits 
from  outlet  to  outlet,  and  the  braids  on  the  individual  conductors 
are  to  hold  the  rubber  insulation  in  place  and  prevent  jamming  and 
flattening  which  might  reduce  the  thickness  of  rubber  between  the 
two  wires  and  thus  weaken  the  insulation  at  many  points. 

RiaiD  CONDUIT  AND  CONDUIT  FITTINQS 

Lnlined  Steel  Conduit.  The  following  description  applies 
only  to  standard  unlined  steel  conduit.  This  is  made  of  mild  steel 
with  a  butt  weld  joint  lengthwise  of  the  pipe.  Sizes  run  from  normal 
J-iiicli  to  4-inch  pii)e.  The  raw  pipe  is  thoroughly  cleaned  inside 
and  outside  and  then  given  a  protective  coating  either  of  an  enamel 
baked  on  or  of  zinc*  applied  either  by  electroplating  or  by  a  special  proc- 
ess known  as  sherardiziiig.  With  either  form  of  zincing  the  interior 
is  given  a  coat  of  enamel  also.  The  finished  pipe  should  be  smoothly 
coated  and  able  to  stand  bending  without  injury  to  the  enamel  or  the 
zinc.  The  conduit  should  be  of  sufficiently  true  circular  section  to 
admit  of  cutting  true,  clean  threads.  The  enamel  applied  to  con- 
duit is  not  considered  as  an  insulation  but  either  enamel  or  zinc  is 
required  to  protect  the  stec^l  from  rusting  away  and  also  to  give  a 
smooth  surface  for  the  conductors  to  be  drawn  over  in  inserting  the 
wires.  Ordinary  commercial  pi|x*  should  never  be  used  as  electric 
conduit  since  it  is  not  free  irom  rough  edges,  is  not  maintained  at 
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TABLE  V 
Minimum  Welshto  of  Conduit  for  Required  Wall  Thickness 


Site 
Inches 

Pounds  per 
100  Feet 

Sise 
Inches 

Pounds  per 
100  Feet 

i 

i 

1 

U 

75 
104 
152 
209 

1* 
2 

3 

250 
350 
710 

unifonn  size  or  wall  thickness,  is  not  protected  against  nist  and  in 
general  is  not  made  with  the  care  and  rigid  inspection  which  have 
been  found  by  experience  to  be  necessary  for  electric  conduits. 
Table  V  gives  the  minimum  weights  per  100  feet  of  finished  conduit 
which  are  required  to  give  the  specified  thickness  of  wall. 

Conduit  Fittings.  A  very  great  variety  of  boxes  and  small  fittings 
for  use  with  conduit  is  available.  All  boxes  including  flush  switch 
boxes  should  be  either  of  cast  iron  with  walls  at  least  J-inch  thick  or 
of  sheet  steel  at  least  .078  inch  thick.  They  must  be  well  enameled 
or  galvanized  to  protect  them  from  rusting  and  must  have  no  open- 
ings not  closed  by  the  entering  pipes,  by  a  metal  cover  of  the  same 
thickness  of  the  box  or  by  the  switch,  receptacle,  or  canopy  of  the 
device  attached  to  them.  Under  no  circumstances  is  it  allowable  to 
place  any  such  box  so  that  it  will  not  be  accessible.  There  should  be 
no  rough  edges  or  comers  which  are  liable  to  injure  the  coverings  of 
wires  as  they  are  drawn  in.  Fig.  139  shows  the  form  of  a  common 
type  of  box.  Boxes  for  use  with  combina- 
tion gas  and  electric  fixtures  must  be  pro- 
vided with  an  arrangement  for  making  a 
tight  electrical  connection  between  the 
box  and  the  gas  pipe  at  each  outlet  so 
that  there  may  be  no  arcing  between  box 
and  pipe  in  case  any  failure  of  wire  insu- 
lation causes  a  current  to  flow  over  the 
box.  Otherwise  such  an  arc  may  bum  a 
hole  in  the  gas  pipe  and  ignite  the  gas. 
AU  threaded  parts  of  boxes  and  all  threads 

on  locknuts  and  metal  bushings  must  be  clean  cut  and  well  fitted  in 
order  to  insure  that  permanent  and  reliable  electrical  continuity  of  the 
conduit  system  which  is  one  of  the  chief  requirements  for  conduit  work. 


Fig.  139.     Common  Tjrpe  of 
Outlet  Box 
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Set  screw  connecUona  have  been  found  unsatisfactory  aa  IHkj 
loosen  with  the  vibration  of  buildings  and  with  dianges  of  tempen- 
ture,  and  only  regular  screwed  thread  joints  or  substantiai  dampi 
should  be  used  at  all  conduit  and  armored-cable  connections. 


Fie.  1*0-     C<imDU>s  Form  of  Floor  Outlat  Bcs 

Where  a  floor  outlet  in  a  conduit  system  is  desired,  a  spcdil 
type  of  box  should  be  used  known  as  a  floor  outlet  box.  Sudi  bons 
(see  Fig.  140)  provide  ample  room  for  making  splices  in  wires,  fcr 
mounting  receptacles  or  other  fittings  and  especially  provide  »  sab- 
staatial,  watertight  top  or  cover  which  can  be  set  flush  with  the  ftxr 
surface.  The  practice  sometimes  followed  of  setting  flush  mil 
receptacles  in  floors  is  to  be  atron^y  condemned  since  such  fittings 
are  not  strong  enough  for  such  service  and  are  not  watertight,  tluis 
permitting  water  to  enter  the  conduit  box  and  system. 

FUSES  OR  CUT-OUTS 

Classification.  Three  forms  of  fuses  are  at  present  emplojtd 
in  this  country  for  general  wiring  work,  open-iinjfc  fuses,  corfrwijefuMS 
and  plug  fuses,  the  last  two  being  further  described  as  enclosed  Svs^ 
to  distinguish  them  from  the  open  links.  The  bases  to  which  a  in 
which  the  fuses  are  secured  are  called  cut-outs. 

Link  fuses  are  extensively  used  on  large  switchboards  and  tlxii 
use  on  such  boards  is  open  to  less  objection  than  for  general  viriig 
since  such  boards  are  usually  under  expert  supervision  and  locaUd 
in  well -protected  or  fireproof  rooms.  With  link  fuses  there  is  alw&J"' 
the  possibility  of  a  larger  fuse  being  put  into  the  cut-out  than  it  wB 
designed  for,  which  is  not  true  of  enclosed  fuse  cut-outs  classifieds 


UNDERWRITERS'  REQUIREMENTS 

TABLB  VI 
Open-Link  Fuse  Spacing 
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Minimum  Separation  of 

Nearest  Metal  Parts 

of  Opposite  Polarity 

Inches 

Minimum 
Break 

Distance 
Inches 

125  Volts  or  less 

10  amperes  or  less 
11-100  amperes 
101-300  amperes 
301-1000  amperes 

126  to  250  Volts 

10  amperes  or  less 
11-100  amperes 
101-300  amperes 
301-1000  amperes 

} 

1 

1 
u 

• 

li 

2 
2J 

} 
} 

1    ■ 

u 
u 

H 

U 

2 

required  below.  Again,  the  voltage  in  most  plants  can,  under  some 
conditions,  rise  considerably  above  the  normal.  The  need  of  some 
margin,  as  a  factor  of  safety  to  prevent  the  cut-outs  from  being 
ruined  in  ordinary  service,  is  therefore  evident.  When  tablet-boards 
or  single  fuse-blocks  with  such  open-link  fuses  on  them  are  used  in 
general  wiring,  they  must  be  enclosed  in  cabinet  boxes.  This  is 
necessary,  because  a  severe  flash  may  occur  when  such  fuses  melt, 
so  that  they  would  be  dangerous  if  exposed  in  the  neighborhood  of 
any  combustible  material.  Link  fuses  should  never  be  moimted  on 
porcelain  cut-outs  because  a  severe  short-circuit  is  liable  to  break 
this  rather  fragile  material  and  the  molten  metal  is  apt  to  fuse  into 
the  porcelain,  partly  reducing  its  insulating  properties. 

There  is  no  filler  surrounding  the  fusible  metal  of  open  links 
and,  therefore,  the  ability  of  the  fuse  to  open  the  circuit  depends 
on  having  enough  of  the  metal  burned  away,  when  the  fuse  blows,  to 
break  the  arc.  For  this  reason  the  terminals  for  link  fuses,  as  far 
as  practicable,  should  be  made  of  compact  form  instead  of  being 
rolled  out  in  thin  strips;  and  sharp  edges  or  thin  projecting  pieces, 
as  on  wing  thumb  nuts  and  the  like,  should  be  avoided.  Thin  metal, 
sharp  edges,  and  projecting  pieces  are  much  more  likely  to  cause 
an  arc  to  start  than  a  more  solid  mass  of  metal.  It  is  a  good  plan 
to  round  all  corners  of  the  terminals  and  to  chamfer  the  edges.  Plain 
fuse  wire  or  fuse  strip  should  never  be  used  for  links  but  only  fuses 
made  up  with  solid  metal  terminals  as  shown  in  Fig.  17. 
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In  fteneral  vork  open-link  fuses  should  not  be  used  on  draiits 
of  voltaf^cs  above  250  volts  and  where  Urge  currents  are  involved 
the  use  of  approved  circuit  breakers  is  verj'  much  to  be  prefored  to 
extra  large  link  fuses.  The  spacings  For  open-link  fuses  are  gjlveo  in 
Table  VI. 

Plug  Fuses.  Hie  form  of  fuse  which  is  uaed  in  larger  num- 
bers than  those  of  any  other  tj'pe,  b  shown  in  Fig.  141.  !Rg.  142 
shows  one  of  the  many  forms  of  cut-out  bases  for  plug  fuses  and 
Fig.  57  shows  similar  blocks  arranged  in  an  asbestos^ined  cabinet 
to  make  a  tablet  or  panel-board  for  distributing  current  to  branch- 
lighting  circuits.  The  cabinet  should  iMve  a  tightly  fitted  asbestos- 
lined  or  metal-lined  door.  Plug  fuses  are  approved  for  use  onl>'  on 
circuits  of  not  over  125  volts,  including  3-wire  circuits  with  grounded 
neutral,  and  not  over  250  voltfi  betn-een  outside  wires.     Ilg.  143 

Fir.  Ml.     .-'tunaard  Fuk  PIur  Fi<.  142.     Cut-Out  Bue  for  Fiuc  PliV 

shows  the  effect  if  the  fuses  are  blown  on  a  220-volt  circuit.  These 
plugs  an-  liniiteil  to  rating  of  'SO  amperes  and  less  because  tbnr 
fiirui  and  strength  is  nut  .such  us  to  make  them  safe  for  use  with  larger 
<'urrents.  Tliey  an-,  therefore,  chiefly  adapted  for  small  lighting  and 
motor  branch  ein-uits.  They  are  deci<ledly  safer  than  open-link 
fuses  of  (Hpiiil  capacity  and  are  eheaijer  than  enclosed  cartridge  fuses. 
There  are  a  nunilxT  of  patterns  of  unapproved  plug  fuses  on 
the  market  which  shcuild  Ik-  avoidwl  as  they  usually  lack  some  of  the 
essential  proix-rties  of  safe  fuses,  although  they  may  appear  from 
casual  insj>ectiiin  to  l)e  almost  identical  with  them.  It  is  unfor- 
tunately true  that  jilug  fuses  of  the  present  form  can  be  "doctored" 
in  sexeral  ways  so  as  to  oHrr\-  larger  currents  than  they  should.  Tin- 
foil, solder,  and  bits  of  copper  wire  are  often  found  put  around  or  into 
plug  fuses  so  as  to  completely  destroy  their  usefulness  as  protective 
devices.  Inspectors  and  priii>erty  owners  should  be  on  the  lookout 
for  this  highly  dungen)us  practice  and  also  observe  carefully  whether 
plugs  of  too  large  current  capacity  have  been  substituted  for  those  <^ 
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ratings  which  afford  real  protection  to  the  wiring  of  the  circuits  of 
vfaidi  they  are  a  part. 


lie.  U8.    ESMt  of  Plni  Pom*  Btown  od  ISO- Volt  Ciiouit 

Cartridge  Fuses.  A  cartridge  fuse  consists  of  a  cyUndrical  tube 
of  fiber  or  strong  paper  to  which  are  fitted  metal  caps  by  means  of 
which  connection  is  made  to  the  cut-out  terminals.  Within  the  tube 
is  the  fusible  metal  wire  or  strip  extending  between  and  finnly  secured 
to  the  inside  of  the  caps.    The  tube  is  filled  with  a  powdered  or 


a-x  Auptan^  !. 


TwC^SP'"^    •""  tl-Vi 


Flc  IM.    Seetiona 


S>«iiulated  material  packed  closely  about  the  fusible  strip.    The 
PUtpose  of  this  filler  is  to  conduct  the  heat  from  the  strip  to  the  outer 
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casing,  to  smother  the  arc  when  the  fuse  blows,  to  make  it  possiUe 
to  adjust  more  exactly  the  carr^'ing  capacity  of  the  fusible  strip,  and 
to  absorb  some  of  the  gases  evolved  from  the  molten  metal.  The  diief 
ingrechents  of  fillers  now  used  are  magnesia  and  plaster  of  Paris. 
Fig.  144  shows  in  section  the  internal  construction  of  two  typical 
cartridge  fuses  of  30  and  200  amperes  capacity.  The  illustration 
is  full  size.  The  small  wire  extending  from  one  terminal  to  a  pmnt 
on  the  tube  and  thence  to  the  other  terminal  is  designed  to  bum 
off  at  the  tube  when  the  fuse  blo^-s  and  fuse  a  bit  of  powder  under 
a  slip  of  thin  paper  on  the  outside  of  the  casing,  thus  indicating  that 
the  fuse  has  operated.  As  will  be  seen  from  the  description  a  cart- 
ridge fuse  will  confine  the  arc,  flame,  or  molten  metal  within  the  filler 
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Fig.  145.     DimeDsiooB  and  Classifications  of  Cartridge  Fuses 

and  tuln*  when  its  fusible  element  is  melted  by  an  overload  or  by  a 
sliort-eircuit  and  is,  therefore,  a  safer  device  than  an  open-link  fuse. 
In  1905  a  standardization  of  cartridge  fuses  and  their  cut-out 
bases  was  agreed  upon  in  order  to  bring  them  all  to  uniform  dimen- 
sions, to  arrange  the  different  ratings  under  a  classification  whidi 
would  make  it  impossible  to  put  a  large  fuse  into  a  cut-out  base  of 
a  smaller  class,  and  to  make  it  possible  to  use  any  approved  fuse  in 
any  approved  base  whether  fuse  and  base  were  of  the  same  or  different 
make.    Under  this  classification  two  types  of  terminak  were  stand* 
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aidized  known  as  ferrule  and  knifeilade  contacts,  and  the  current 
ratings  were  grouped  into  two  sizes  for  the  ferrule  and  four  sizes 
for  the  knife-blade  contacts.  The  dimensions  and  classification 
are  fully  shown  on  the  diagrams  and  in  the  table,  Fig.  145. 

Knife  Switches.  Knife  switches  must  always  be  mounted  on 
separate  bases  of  slate,  marble,  or  porcelain,  or  on  slate  or  marble 
switchboards  or  panels.  The  parts  carrying  the  contact  clips  and 
the  blade  hinges  must  be  secured  to  the  base  by  two  screws,  a  screw 
and  a  dowel-pin,  or  otherwise,  so  that  the  parts  will  always  be  in 
ccMTect  alignment.  If  the  contact  jaws  or  hinge  clips  get  turned  so 
as  to  be  out  of  line,  it  may  be  impossible  to  close  the  switch,  espe- 
cially at  the  first  attempt,  and  severe  arcing  may  result  from  the 
efforts  to  do  so.  Even  if  the  blade  enters  the  jaws,  the  contact  may 
be  imperfect,  causing  undesirable  heating.  The  chief  points  to  note 
in  judging  a  knife  switch  are  the  following:  Excellence  of  fit  of 
blades  both  at  the  hinge  and  in  the  contact  clips;  stiffness  and  size 
ct  all  metal  parts  to  secure  good  contact  surfaces  and  ample  carrying 
capacity.  No  part  should  become  heated  over  50®  F.  when  the 
switch  is  carrying  its  full  rated  current,  and  at  all  sliding  contacts 
there  should  be  at  least  1  square  inch  of  surface  contact  for  every 
75  amperes  of  current.  The  cross  bars  should  be  very  securely  fas- 
tened to  the  blades  and  the  workmanship  throughout  should  be 
excellent.  If  each  blade  is  secured  to  the  cross  bar  by  only  one  screw, 
without  dowel-pins  or  a  square  shoulder  fitting  closely  in  a  recess  in 
the  bar,  a  slight  loosening  of  the  screws  will  allow  one  blade  to  close 
and  open  the  circuit  before  the  other,  resulting  in  arcing  and  ultimate 
mjury  to  the  switch.  Such  construction  b  also  liable  to  result  in  a 
weak  switch.  Too  little  attention  is  frequently  given  the  question 
of  mechanical  strength,  with  the  result  that  after  a  comparatively 
short  time  of  service  the  switches  rattle  to  pieces  or  break  unless 
very  carefully  handled,  and  even  then  repairs  are  often  necessary 
to  keep  them  in  working  order.  A  cheap  switch  is  seldom  a  rugged, 
durable  device.  All  switches  should  be  marked  with  the  name  of 
their  maker  and  the  rating  in  both  volts  and  amperes. 

The  spacings  of  switches  must  be  at  least  as  great  as  those  given 
in  the  Code,  a  copy  of  which  is  given  in  the  following  table.  This 
table  specifies  the  limits  necessary  for  both  direct-current  and 
altemating-current  systems. 
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TABLB  VII 
Approved  Spacing  tor  Kaife  Switches 


- 

Minimam  8«par»tk>n 

of  NearMt  Meud 

ParU  of  0^.  Pol. 

lochia 

Brak 
DiiUBn 

IlMhM 

Not  over  125  Volta  D.  C.  and  A.  C. 

for  Switchboards  and  Panel  Boards* 

10  amperes 

1 

» 

30  amperes 

1 

1 

60  amperes 

u 

1 

Not  over  125  Volte  D.  C.  and  A.  C. 

for  Individual  Switchest 

30  amperes 

u 

1 

60  and  100  amperes 

u 

li 

200  and  300  amperes 

21 

2 

400  and  600  amperes 

2i 

2J 

800  and  1,000  amperes 

3 

2} 

250  Volts  only  D.  C.  and  A.  C.  for 

All  Switches 

30  amperes 

1! 

U 

Not  over  250  Volts  D.  C.  nor  over 

500  Volts  A.  C.  for  All  Switchest 

30,  60  and  100  amperes 

2i 

2 

200  and  300  amperes 

2i 

2i 

400  and  600  amperes 

21 

2» 

800  and  1,000  amperes 

3 

21 

Not  over  GOO  Volts  D.  C.  and  A.  C. 

for  All  Switches** 

30  and  60  amperes 

4 

3} 

1(X)  amperes 

*i 

4 

*Tho  10-ampere  switch  must  have  ample  metal  for  stiffness,  and  to  prerent  rise  ia 
temperature  of  any  part  of  more  than  HO  degrees  Fahrenheit  when  carryinc  30  amperei,  thi 
contacts  boinK  arranxed  so  that  a  thoroughly  good  bearing  at  every  point  ia  obtained  with 
contact  nurface  adviHod  for  pure  copper  blades  of  about  0.4  square  inch. 

tThe  3(M>-am|X're  switch  must  not  be  equipped  with  cut-out  terminals. 

JThe  above  nwitchos  muat  be  stamped  "250  V.  D.  C,  600  V.  A.  C."  The  aO-ampew 
switch  muMt  have  ample  metal  for  etifTnesn,  and  to  prevent  rise  in  temperature  of  aay  ptft 
of  more  than  .SO  dcKroen  Fahrenheit  when  carrying  60  amperes,  the  contacts  being  arrsBfMiio 
that  a  thorouKhly  good  bearing  at  every  point  is  obtained  with  contact  surfaces  adriiedfor 
pure  copper  blades  of  about  0.8  square  inch.  The  300-ampere  switch  must  not  be  equi^^ 
with  cutH>ut  terminaN.  Cut-out  terminals  on  switches  for  over  250  volts  must  bedesipf^ 
and  spaced  for  GtH)  volt  fu:«e8.  and  in  such  ca.«es  the  switches  must  be  stamped  *'500  V.  A-C- 

**The  30-amp4>re  switch  munt  have  ample  metal  for  stiffness,  and  to  Drevent  ri*^ 
temperature  of  any  part  of  more  than  50  degrees  Fahrenheit  when  carrying  60  ampem.  v^ 
contacts  being  arranxeil  so  that  a  thoroughly  good  bearing  at  every  point  ia  obtained  vitl 
contact  purfaces  advised  for  pure  copper  blades  of  about  0.8  square  inch. 

Auxiliarv  breaks  or  the  equivalent  are  recommended  for  D.  C.  switches  designed  for  ovfr 
250  rolls  and  mu8t  be  provi<led  on  D.  C.  switches  designed  for  use  in  breaJdnc contf^ 
greater  than  100  amperes  at  a  voltage  of  over  250. 

Note.  For  throe-wire  direct-current  and  three-wire  single-phase  systcotf 
the  separations  and  break  distances  for  plain  three-pole  knife  switches  must 
not  be  loss  than  those  required  in  the  above  table  for  switches  designed  for  the 
voltage  between  the  neutral  and  outside  wires. 
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Snap  Switches.    Under  this  tenn  are   included  the  common 

m 

round  hose  surface  switches,  the  rotary  and  push^mtton  switches, 
which  are  set  in  boxes  in  side  walls  flush  with  the  surface,  pendant 
switches,  and  all  such  as  are  operated  by  the  motion  of  doors,  by  a 
cord  and  all  switches  mounted  on  fixtures.  The  distinguishing 
feature  of  them  all  consists  in  the  fact  that  the  motion  of  the  parts 
which  open  and  close  the  circuit  is  produced  by  a  spring  contained 
in  the  mechanism.  As  the  handle  or  button  is  tiurned  or  pushed 
this  spring  is  wound  up  and  at  the  proper  tension  is  released,  thus 
throwing  the  switch  blades  into  or  out  of  the  contacts.  Thus  the 
quickness  with  which  the  circuit  is  opened  or  closed  is  not  directly 
determined  by  the  motion  of  the  operator's  hand  but  by  the  spring, 
and  if  «the  switch  is  of  proper  design  and  in  good  condition,  the 
action  is  prompt  and  reliable  even  though  the  person  using  the 
switch  is  not  careful  to  do  just  the  right  thing.  Such  snap  switches, 
therefore,  differ  from  knife-blade  switches  in  that  their  proper  use 
does  not  depend  upon  the  user  and  they  are  correspondingly  better 
suited  for  general  purposes  for  imskilled  persons. 

The  bases  should  be  of  non-combustible  material,  usually 
porcelain,  and  all  covers  should  be  lined  with  a  non-conducting 
material  such  as  fiber  imless  they  are  of  porcelain.  Without  this 
lining  there  is  danger  of  the  cover  forming  a  short-circuit  in  the 
switch,  especially  if  the  cover  b  removed  or  replaced  while  the 
switch  is  "alive."  The  side  lining  should  extend  beyond  the  lower 
edge  of  the  cover. 

The  binding  posts  should  be  of  a  type  in  which  the  end  of  the 
connected  wire  is  held  under  a  screw  head  or  equivalent  device  and 
not  by  a  set-screw  the  end  of  which  drives  against  the  side  of  the 
wire,  as  a  set-screw  is  likely  to  become  loosened  and  is  almost  sure 
to  cut  into  the  wire.  Indicating  switches  are  much  preferred  for  all 
work,  as  by  showing  at  once  whether  the  current  is  "on"  or  "off" 
they  tend  to  save  mistakes  and  possible  accidents.  The  fact  that 
lights  do  not  burn  or  that  a  motor  does  not  run  is  not  necessarily  a 
sure  sign  that  the  current  is  off,  but  the  indicating  switch  makes  it 
possible  to  tell  at  a  glance  whether  the  circuit  is  open  or  closed. 

Fig.  146  shows  a  variety  of  approved  snap  switches  of  common 
type.  Snap  switches  to  be  approved  are  required  to  operate  success- 
fully at  50  per  cent  excess  current  above  that  for  which  they  are 
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rated  at  the  voltages  for  which  they  are  designed.  Ilis  is  to  provide 
a  margin  of  safety  but  should  not  be  made  an  excuse  for  using  them 
for  larger  currents  than  those  marked  on  them.  They  are  made  in 
a  great  variety  of  sizes  and  patterns,  ^ngle-  and  double-pole,  three- 
and  four-way,  and  in  spe<nal  designs  for  turning  on  the  lamps  of  a 
chandelier  one  after  the  other  or  for  controlling  small  motors  or  heat- 
ing devices.  The  standardized  ratings  include  125,  250,  and  600 
\'olts  for  currents  of  3,  5,  and  10  amperes  in  the  more  common]}' 
used  patterns.  Certain  large-sized  double-pole  surface  snap  switches 
are  rated  at  20  or  30  amperes  while  a  few  of  the  more  special  and  leas 
substantial  forms  are  limited  to  1  ampere  onl>'.    In  judging  snap 


Approvnl  Soap  Swilf  hvi 


switches  of  all  kinds  samples  are  tested  by  UnderwTiters'  Labora 
torics  ill  the  following  v-ay:  they  are  connected  to  control  groups  of 
lamps  taking  full  rated  current  of  the  switch  at  full  rated  voltage 
and  Kre  then  put  on  a  s|K-cinl  machine  which  operates  them  slowly' 
and  continuously  for  0,000  c\c]cs,  that  b  6,000  full  "on  and  off" 
operations.  It  is  required  that  the  samples  stand  this  endurance 
test  »ithout  failing  cither  mechanically  or  electrically.  This  test  is 
re-applied  to  new  and  recent  samples  from  time  to  time,  and  similar 


UNDERWRITERS'  REQUIREMENTS  163 

tests  are  constantly  in  progress  at  the  factories  where  the  switches 
are  made,  so  that  any  important  defect  in  material  or  construction 
is  soon  detected  and  a  fairly  imiform  grade  of  snap  switches  is  sure 
to  be  produced  for  the  user.  Such  persistent  tests  have  done  much 
to  improve  the  quality  of  these  and  other  electrical  products. 

CIRCUIT  BRBAKBRS 

Circuit  breakers  are  automatic  switches  so  designed  that  an 
excess  current  will  cause  the  switch  to  open.  They  thus  share  the 
properties  of  both  switches  and  protective  devices  such  as  fuses,  and 
in  their  choice  and  installation  both  functions  must  be  considered. 
Breakers  are  made  for  cmrents  of  all  capacities  and  for  circuits  of 
every  voltage  both  d.  c.  and  a.  c.  Those  most  conunonly  used  on 
lighting  and  power  switchboards  and  in  general  conunercial  work 
are  for  voltages  of  600  volts  or  less  (occasionally  2,000  volts).  For 
higher  voltages  the  breakers  are  of  massive  form  and  are  often  set 
in  cells  or  compartments  of  brick,  slate,  or  concrete.  Such  breakers 
are  employed  only  where  expert  supervision  is  always  available  and 
their  form  and  operation  is,  therefore,  not  prescribed  by  under- 
writers' rules  but  rather  by  the  engineering  necessities  of  the  system 
of  which  they  are  a  part. 

The  ordinary  conunercial  breaker  as  used  on  low-voltage  cir- 
cuits may  be  one,  two,  or  three  poles  and  these  may  be  independent 
of  each  other  or  may  be  interlocked  so  that  an  overload  on  any  one 
wire  will  cause  all  the  lines  to  be  opened.  The  latter  is  preferable. 
Breakers  are  usually  made  with  an  adjustment  regulating  the  point 
at  which  they  will  open.  Thus  a  100-ampere  breaker  may  be  set 
to  open  at  any  current  with  a  certain  range  above  and  below  100 
amperes. 

In  installing  breakers  the  same  care  should  be  taken  as  with 
fuses  of  like  capacity.  They  should  never  be  placed  near  any  in- 
flammable material,  as  their  operation  under  severe  overloads 
results  in  a  severe  though  brief  arc  and  often  in  the  spattering  of  bits 
of  molten  metal  quite  capable  of  igniting  waste,  shavings,  etc.  The 
use  of  circuit  breakers  instead  of  fuses  is  to  be  recommended  for 
very  large  currents  and  for  all  circuits  such  as  many  motor  circuits 
where  operating  conditions  are  liable  to  produce  frequent  overloads. 
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Classlfkatloii.    Circuit  breakers  may  be  divided  into  two  dtai 
classes,  carbon  or  air-break  patterns  and  oH^mmeraed  patterns.  Hie 


Fit.  147.     Modern  <»1  arcuit  Bnaku 


former  may  be  used  on  either  d.  c.  or  a.  c.  circuits.  They  bait 
t-opper  blades  and  fixed  contacts  with  carbon  secondary  contact) 
arranged  to  open  just  after  the  heavy  copper  contacts.  Thus  the 
current  is  carried  by  copper  parts  of  ample  size  when  the  breaker  b 
dosed,  and  the  arcing  on  opening  is  largely  confined  to  the  carbon 
contacts  which  arc  better  for  this  purpose  than  metal.  Such  bre&kcn 
may  Ix-comc  dangerous  either  from  overheating  of  the  coib,  from 
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oard  Biu.B«  Arrknacnu 


arciiiK  uiK)n  openiiig  hca\  y  ciirrent.s,  or  from  failure  to  act  in  eine> 
gcncy  as  tlie\-  are  iiitcnilt'd  to  do.  However,  the  better  tj-pes  of 
nn)(icrri  hrcakor  arc  wry  well  made  and  form  reliable  protective 
devices. 
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Oil-immersed  breakers  are  coming  more  and  more  into  use. 
They  are  made  with  their  contacts  immersed  in  a  heavy  oil  contained 
in  a  can  or  case  of  suitable  form.  When  the  contacts  open,  the  oil 
aids  very  greatly  in  quenching  the  arc,  and  such  breakers  can, 
therefore,  be  made  quite  compact  since  a  long  break  distance  is  not 
so  essential.  These  breakers  are  made  both  for  switchboards  and 
wall  mounting.  They  are  not  so  well  suited  to  direct-current  circuits 
since  the  action  of  the  d.  c.  arc  carbonizes  the  oil  too  rapidly.  Fig. 
147  shows  a  modem  oil  breaker.  They  present  a  hazard  due  to  the 
oil  which  may  become  overheated  or  even  ignited.  This  is  imlikely 
to  occur  with  a  well  designed  oil  switch  or  breaker,  but  the  usual 
precautions  should  be  taken  to  keep  the  switch  and  its  inunediate 
neighborhood  clean  and  free  from  accumulations  of  rubbish  or  any 
inflammable  material  which  may  become  oil  soaked. 

MISCELLANEOUS   DEVICES 

Panel  Boards  and  Cabinets.  Panel  boards  are  distributing 
boards,  or  switchboards  from  which  the  branch  circuits  are  led  off 
from  the  mains.  They  must  have  slate  bases  on  which  are  mounted 
the  necessary  bus  bars,  switches  and  fuses.  A  very  great  variety 
of  panels  is  made,  the  arrangement  of  parts  in  a  few  patterns 
being  shown  in  Fig.  148,  while  a  complete  panel  set  in  a  steel 
cabinet  is  shown  in  Fig.  149.  Fig.  150  shows  the  wiring  channel 
often  provided  and  a  cabinet  with  wood  door  and  trim.  The 
panel  base  and  the  two  partitions  shown  in  the  section  drawing 
are  of  slate  and  all  other  interior  surfaces  of  the  cabinet  including 
the  door  should  be  lined  with  sheet  steel. 

Wood  cabinets  should  not  be  used  on  conduit,  armored 
cables,  or  metal  molding  systems  of  wiring  as  they  do  not  form  a 
metallic  connection  between  parts  of  the  system  and  any  attempt 
to  overcome  this  by  bonding  around  the  box  by  wire  is  not  liable 
to  result  in  a  good  job.  Metal  cabinets  are  preferable  in  all  cases 
except  possibly  in  very  damp  locations  where  they  are  liable  to 
rust  rapidly.  All  cabinets  whether  for  panels  or  for  individual 
switches  or  cut-outs  should  be  thoroughly  dust  tight  and  fitted  with 
tightly-closing  doors.  No  metal  thinner  than  No.  16  U.  S.  Metal 
Gauge  should  be  used  and  heavier  metal  is  necessary  for  all  but  the 
smaller  sizes  of  box  to  secure  the  requisite  stiffness  and  durability. 
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Sockets  and  Receptacles.  The  almost  endless  variety  ot  thee 
fittings  may  be  classified  in  various  ways,  as  for  dry  or  for  wet  i^ucs; 
key  and  keyless  types;  brass  shell  or  porcelain  tjpes;  condiut  boss; 
molding  signs;  miniature  and  candelabra  sockets  and  reo^itade, 
etc.    All  standard  sockets  and  receptacles  are  now  made  with  wbit 


are  oalle<l  Edison  screw-shells  into  which  the  baseof  the  incandescent 
lamp  is  scrt^n-ed.  tlic  fhrll  being  connected  in  the  socket  to  one  ottbe 
lead  wires  ami  the  ivnltr  nmiad  to  the  other  lead  wire.  In  all  tjT* 
the  ilesi^n  nf  the  stx'ket  or  receptacle  should  be  such  that  when* 
lamp  is  ins*Ttixl  there  will  be  no  ciurent-cairjing  part  of  the  lamp 
base  esjxvstM.  This  calls  for  a  minimum  depth  of  the  socket  of  H 
inch  ami  six-kcls  and  receptacles  which  do  not  ha\"e  such  depth  should 
not  he  iise^l.    Svx'kets  and  receptacles  were  formerly  rated  in  candle- 
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power  of  the  lamps  designed  for  them  or  in  amperes  and  volts  but  the 
introduction  of  the  newer  liigh-efficiency  lamps  such  as  the  tungsten 
and  tantalum  has  rendered  this  method  of  rating  inapplicable.  All 
key  or  pull  sockets  and  receptacles  of  standard  types  are  now  rated 
250  watts,  250  volts,  with  a  provision  that  thb  shall  not  be  inter- 
preted to  permit  the  use  at  any  voltage  of  current  above  2)  amperes. 

Keyless  sockets  and  receptacles  of  standard  types  are  rated 
660  watts,  250  volts,  but  not  over  6  amperes  at  any  voltage. 

Miniature  and  candelabra  sockets  are  rated  75  watts,  125  volts. 


Fl*.  ISO.     PiiDc]  Boud  ud  Wood 


iiniia  Method  o[  Coutruatim 


Weatherproof  sockets  having  no  exposed  current-carrj'ing  parts 
may  be  rated  660  watts,  600  volts,  and  thus  may  be  used  in  series 
on  600-volt  circuits. 

The  most  common  abuse  of  sockets  is  to  employ  them  as  out- 
lets fw  currents  far  in  excess  of  what  they  or  the  wiring  immediately 
connected  to  them  should  carry  and  the  above  limits  should  be 
tiddly  adhered  to.    The  assigned  ratings  do  not  imply  that  the  full 
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power  can  be  taken  from  each  and  every  socket  on  a  circuit  at  once. 
Thus  twelve  carbon  16  c.  p.  lamps  in  sockets  may  take  6  amperes 
on  a  1 10-volt  circuit  and  be  fused  with  6-ampere  fuses.  At  250  watts 
per  socket,  twelve  sockets  will  take  3,000  watts  which,  at  110  volts, 
is  over  27  amperes,  an  amount  of  power  forbidden  by  the  rules 
limiting  lighting  branch  circuits  to  660  watts  and  a  current  mani- 
festly too  large  for  the  No.  14  wire  which  would  usually  be  used  on 
such  a  circuit.  The  ratings  250  watts,  250  volts,  for  key  sockets,  and 
(UK)  watts,  250  volts,  for  keyless  sockets,  are  intended  to  express  the 
maximum  safe  carrying  capacity  of  each  socket  or  receptacle  alone 
and  do  not  warrant  employing  them  in  the  manner  indicated  above, 
which  would  seriously  overload  ordinary  circuits. 


Fig.  151.     Common  Types  of  Fuaed  and  Unfuoed  Rosettes 

Rosettes.  These  devices  are  usually  of  porcelain  and  provide 
a  means  of  connecting  flexible  cords  to  the  main  or  branch  circuits. 
Types  are  made  either  with  or  without  small  link  fuses  ih  the  base 
but  the  unfused  type  is  much  to  be  preferred  and  should  be  used 
exclusively  in  general  work  since  the  use  of  link  fuses  in  porcelain 
fittings  is  undesirable  because  of  the  possible  results  following  a  short- 
circuit  blowing  the  fuses  violently.  It  is  much  better  to  place  all 
fuses  at  distribution  centers,  such  as  panel  boards,  and  by  keeping 
the  fuses  of  proper  capacity,  depend  on  them  for  protection  rather 
than  on  fuses  scattered  about  in  fittings,  rosettes,  etc.  Fig.  151 
shows  common  txpes  of  fused  and  unfused  rosettes. 

Bell-Ringing  Transformers.  Within  the  last  few  years  smaU 
transformers  have  been  brought  out  designed  for  the  purpose  of 
ringing  door  bells  or  for  other  light  signaling  work,  deriving  their 
power  for  such  service  directly  from  alternating-current  lighting 
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circuits  in  houses.  They  take  the  form  of  small,  totally  enclosed 
transfonners  with  two  very  thoroughly  insulated  coils,  the  primary 
coil  to  be  connected  directly  across  an  alternating  circuit  and  the 
secondary  to  be  connected  to  the  bell  circuit  as  shown  in  Fig.  152. 
The  push  button  is,  of  course,  usually  open  so  that  no  current 
flows  over  the  bell  circuit.  When  the  button  is  pushed  a  ciurent  of 
low  voltage  (10  to  20  volts)  and  small  ampere  capacity  (not  over  2 
amperes)  flows  over  the  secondary  or  bell  circuit,  the  power  being 
derived  from  the  primary  winding  connected  to  the  alternating- 
current  line  as  in  the  case  of  any  transformer.  Absolutely  no  de- 
pendence can  be  put  upon  the  insulation  of  the  bell  circuit  which  is 
often  of  cotton  -  covered  paraffined  wire  (annimciator  wire)  in- 
stalled in  the  most  unreliable  manner  and  the  bells  and  push  buttons 
are  not  designed  for  anything  but  very  low  voltage  ciurents.    It  is, 


BUTTON 


A  C  no  VOLT 


Fig.  152.     Diacram  of  Simple  Transformer  CSrouit 


therefore,  imperative  that  the  design  and  construction  and  insula- 
tion of  the  transformer  be  such  that  under  no  conditions,  either  of 
service  or  from  an  accident,  can  the  110-volt  current  act  directly  on 
the  bell  circuit.  Furthermore,  the  design  of  the  transformer  must 
be  such  that  even  if  the  push  button  be  left  closed  or  the  bell  wires 
become  short-circuited  only  a  very  small  ciurent  will  flow  over  the 
bell  wiring.  In  approved  bell-ringing  transformers  both  these  results 
are  secured  with  reasonable  safety. 

Heating  Devices.  The  rapid  introduction  of  all  sorts  of  electric 
heating  devices  for  domestic  and  industrial  use  has  brought  with  it 
a  special  hazard  which  it  is  peculiarly  difficult  to  control.  These 
devices  are  useful  only  as  they  are  capable  of  developing  a  consider- 
able heat  in  a  short  time.  The  normal  use,  of  course,  tends  to  draw 
away  the  heat  and  thus  prevent  a  dangerously  high  temperatiu^ 
being  reached,  but  if  these  devices  are  left  connected  to  the  circuit 
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and  unused,  many  of  them  will  reach  a  dull  red  heat  and  may  thus 
become  a  serious  fire  hazard.  This  is  true  of  electric  flatirons  espe- 
cially and  also  of  many  cooking  utensik  and  other  apparatus  for 
domestic  or  light  factory  use.  It  b  evident,  therefore,  that  all  sudi 
heating  appliances  should  be  made  wholly  of  non-combustible  mi- 
terial  and,  so  far  as  their  use  will  permit,  be  fitted  with  legs,  guards, 
or  other  parts  which  li^ill  keep  the  heated  parts  well  separated  from 
walls,  floors,  tables,  etc. 

Stationary  heating  devices  should  be  installed  only  when  ever}' 
precaution  has  been  taken  and  the  fact  that  perhaps  only  a  low 
temperature  will  be  produced  by  the  proper  and  normal  operation  of 
the  heater  should  not  be  made  an  excuse  for  omitting  any  of  the 
precautions  that  would  be  taken  for  the  higher  temperatures  whidi 
may  easily  result  from  accident  or  misuse.  There  should  be  ample 
air  spaces  and  proper  protection  of  adjacent  surfaces  by  asbestos 
board  and  metal  sheathing.  •In  general  all  electric  heating  devices 
must  be  installed  and  used  as  possible  sources  of  great  heat. 

Portable  heating  devices  are  not  easily'  protected  from  misuse 
or  accident.  The  chief  protection  against  fires  from  such  appliances 
appears  to  depend  upon  the  original  excellence  of  design  and  con- 
struction of  the  devices  themselves,  the  fact  that  many  of  them 
employ  but  a  small  amount  of  energ>',  and,  finally,  upon  a  slowly 
growing  appreciation  by  users  and  the  public  generally,  that  elec- 
trically-heated appliances,  while  usually  fairly  safe,  if  properly  used, 
may  very  readily  become  dangerous  if  abused  or  improperly  used. 

Electric  Qas  Lighters.  A  batter>%  spark  coil,  and  similar 
appliances  are  often  used  for  the  purpose  of  lighting  the  gas  on  gas 
fixtures  without  the  use  of  matches.  In  such  installations  the  wires 
from  the  battery  and  coil  are  led  to  the  fixtures  in  any  convenieDt 
manner  and  on  the  fixtures  themselves  small  wires  are  carried  down 
the  outside  of  fixture  stems  and  arms  to  the  burners.  The  line  wires 
are  not  insulated  or  installed  in  a  manner  comparable  as  to  safety 
with  electric  light  wires,  and  on  the  fixtiu-es  the  insulation  is  espe- 
cially weak  and  exposed  to  injury.  It  is,  therefore,  evident  that  such 
gas-lighting  systems  should  never  be  installed  on  the  same  fixture 
with  electric  lights,  since  a  breakdown  is  very  liable  to  permit  the 
electric-light  current  to  pass  over  the  gas-lighting  wires  and  cause 
a  fire  at  some  point  perhaps  concealed  in  a  partition,  either  from  ove^ 
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heating  the  small  wires  or  from  arcing  to  other  wires  or  to  grounded 
metal  piping. 

Marine  Work.  The  Code  contains  special  rules  governing  the 
installation  of  electric  light  and  power  wires  and  apparatus  on  ship* 
board.  These  differ  from  the  standard  rules  in  only  a  few  partic- 
ulars, as  indicated  by  the  need  of  special  care  to  provide  against 
the  effects  of  constant  and  severe  vibration,  dampness  and  extreme 
hard  usage  to  which  marine  installations  are  always  subjected. 
The  provisions  of  the  Code  should  be  referred  to  in  detail  by  those 
who  are  called  upon  to  install  or  inspect  work  of  this  special  type. 
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FIRE  INSURANCE  AS  AN  INSTITUTION 

Introduction.  Fire  Insurance  may  be  considered  as  two  separate 
and  distinct  things:  (1)  a  practice  or  custom  followed  by  pmperty 
owners;  and  (2)  an  established  business  or  commercial  enterprise. 
Althou^  the  latter  is  a  result  of  the  former,  the  treatment  of  the 
subject  of  Fire  Insurance  will  be  simplified  by  considering  it  from 
these  two  standpoints. 

Protection  to  Property  Oiuners.  Fire  Insurance  exists  because 
of  the  natural  desire  of  men  to  protect  themselves  against  bad  or 
unfavorable  results  due  to  risks,  hap{)enings,  events,  or  accidents 
which  they  can  neither  prevent  nor  control.  It  is  a  means  of  pro- 
tection against  a  loss  of  money,  and  is  obtained  by  purchasing  a 
promise  or  a  guarantee  from  certain  parties  that  they  will  make 
good  the  amount  of  any  loss  or  damage  as  a  result  of  a  fire. 

Business  Enterprise.  Fire  Insurance  as  a  business  enterprise 
consists  in  selling  promises  or  guarantees  against  loss  by  Rn\  The 
persons  engaged  in  Fire  Insurance  as  a  business,  deal  in  these  prom- 
ises or  guarantees  precisely  as  other  pi^rsons  deal  in  merchandise 
or  anything  that  people  want  and  are  willing  to  pay  for;  there  is  a 
seller  and  a  buyer,  an  article  or  commodity  to  change  hands,  a  price 
for  the  article,  value  received  for  the  buyer,  cash  or  money  and  a 
profit  on  the  transaction  for  the  seller. 

Thus  it  may  be  seen  that  Fire  Insurance  is  the  buying  and  sell- 
ing of  guarantees  against  the  loss  of  money  caused  by  the  destruc- 
tion or  the  damage  to  property  by  fire. 

Definitions.  In  order  to  make  clear  to  the  lavman  certain  tech- 
nical  terms  used  in  Fire  Insurance,  the  following  definitions  are  given: 

Insured.  The  buyer  of  Fire  Insurance  is  called  tlie  insured 
or  the  assured. 

Copyright^  1919^  by  American  School  of  Correspondence 
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Insurer.  The  seller  of  Fire  Insurance  is  called  the  iiisurer  or 
the  (iJtsurer.  Sometimes  underwriter  is  used.  (This  woid  has  a 
special  meaning  which  will  be  explained  further  on.) 

Indemnity.  The  article  that  is  sold,  t.  e.,  the  insurance,  is  called 
indemnity,  and  is  a  bond  or  ^arantee  to  make  good,  to  pay  for,  or 
to  satisfy  a  loss,  damage,  or  injury. 

Policy.  The  l>ond  or  guarantee  when  placed  on  paper  is  called 
a  policy,  and  is  the  proof  and  evidence  that  the  insurance  has  been 
bought  and  sokl  as  a  regidar  transaction. 

Rate.  Tlie  price  of  Fire  Insurance,  i.  e.,  the  cost  for  each  $100 
of  insurance,  is  called  the  rate  of  premium,  or,  briefly,  the  rate. 

Premium.  The  cost  of  Fire  Insurance,  i.  e.,  the  amount  of 
money  pai<l  for  the  total  amount  of  insurance,  is  called  the  premium. 
The  premium  is  the  insurer's  reward  or  compensation  for  the  risk 
that  he  takes  in  guarantei*ing  or  promising  to  pay  the  proper^  owner 
in  case  of  loss  bv  fire. 

Early  Fire  Insurance.  Previous  to  the  great  fire  of  Londcn, 
historj'  reconls  a  few  forms  of  Fire  Insurance.  In  Assyria  and  the 
East,  more  than  2,500  years  ago,  some  protection  against  fire  was 
made  in  connection  with  the  communities  of  towns  and  districts. 
Judges,  priests,  and  magistrates  were  appointed  for  each  town  and 
district  with  j)ower  to  levy  contributions  from  each  member  of  the 
connniinity,  to  provide  a  fund  against  calamities,  such  as  drought 
and  fire.  If  the  judges  were  stitisfied  that  a  fire  ♦ras  accidental, 
they  enijK)were(l  the  niagistnites  to  assess  the  members  of  the  com- 
nuinity  either  in  money  or  in  kind,  and  in  the  event  of  any  member 
being  unable,  through  |K)verty,  to  meet  his  share  of  the  contributioOi 
the  deficiency  was  made  up  from  the  (*ommon  fund. 

About  1240  A.D.  the  laws  of  Count  Thomas  of  Flanders  pro- 
vided that  the  members  of  a  comnmnity,  as  a  whole,  should  make 
g(KKl  a  loss  which  fire  might  cause  to  an  individual,  unless  the  in- 
cendiar>'  who  caused  the  firt*  could  be  discovered,  in  which  case  the 
loss  was  to  be  made  good  fn)ni  his  property  and  he  was  to  be  banished. 

During  the  middle  ages  when  Guikls  existed  among  the  Anglo- 
Saxons  and  Germans,  Fire  Insurance  was  provided  as  one  of  the 
benefits  from  a  common  relief  fund  estabUshed  by  regular  contri- 
butions as  a  protection  and  security  against  losses  by  fire,  water, 
robber\',  or  other  calamities. 
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In  1609,  a  plan  was  suggested  to  the  Count  Von  Oldenberg 
whereby  he  personally,  upon  an  annual  payment  to  him  of  a  fee  or 
premium  of  $1  for  every  $100  of  valuation,  should  insure  those  of 
his  subjects  who  might  desire  it,  against  the  loss  of  their  houses  by 
fire.  The  plan  appears  not  to  have  been  adopted  by  the  Count,  who 
thereby  lost  the  opportunity  to  become  the  first  individual  insurer 
as  well  as  the  founder  of  Fire  Insurance. 

Insurance  in  general  had  its  origin  in  the  uncertainties  of  send- 
ing goods  or  property  over  the  sea  in  ships.  Ships  and  their  cargoes 
were  subject  to  many  perib,  such  as  storms,  colhsions,  fogs,  pirates, 
and  wrecks;  and  the  loss  of  the  goods  or  the  ship  itself  could  cause 
the  financial  failure  of  the  merchant  or  the  ship  owner.  Insurance 
of  ships  and  their  cargoes  provided  beforehand  for  the  dangers  or 
results  of  the  voyage  and  thereby  strengthened  the  merchants  and 
ship  owners  in  carrying  on  their  business.  It  permitted  them  to  do 
business  on  a  larger  scale  and  in  more  distant  parts  of  the  world 
than  they  otherwise  could  do  if  they  had  no  protection  against  finan- 
cial loss. 

The  insurance  of  property  at  the  risk  of  the  sea  proved  to  be  a 
good  practice  and  a  distinct  benefit  to  commerce  and  trade  by  water, 
so  that  in  time  it  was  adopted  for  property  on  land.  This  adoption 
was  perhaps  hastened  by  a  calamity,  for  Fire  Insurance  is  supposed 
to  have  been  started  as  a  result  of  the  great  fire  of  London  in  1666. 
This  fire  burned  for  four  days  and  nights  and  spread  over  436  acres 
of  territory.  Over  85  per  cent  of  the  buildings  in  London  were 
destroyed,  while  the  property  loss  was  estimated  to  have  been  about 
10,000,000  pounds  sterUng — a  sum  which  today  would  be  nearly 
equal  to  $300,000,000.  There  was  no  Fire  Insurance  at  the  time, 
so  the  fire  proved  a  tremendous  loss  to  the  citizens  of  London,  and 
the  city  did  not  recover  from  the  effects  of  it  for  a  number  of  years. 

Immediately  after  the  fire,  various  plans  were  instituted  for 
the  protection  of  property  owners  against  a  similar  loss.  In  1667, 
Nicholas  Barbon  opened  an  office  and  proposed  to  insure  houses 
and  buildings.  Barbon  was,  therefore,  probably  the  founder  of 
modem  Fire  Insurance,  as  he  was  the  first  man  to  be  prominently 
identified  with  it,  and  his  methods  of  transacting  business  were  vir- 
tually the  methods  that  are  followed  today.  Fire  Insurance  as 
practiced  by  Barbon  was  limited  to  houses^nd  buildings. 
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IiiJturance  of  Goods,  In  1706,  Charles  Povey  op^ied  an  office  in 
Ix>iKlon  for  the  insurance  of  goods  and  stocks  of  merchandise. 
Povey  offered  Fire  Insurance  without  backing  or  financial  support 
and  merely  gave  his  promise  to  pay  in  the  event  of  a  loss.  His  A*en- 
tuTv  wus  gn*et(*d  with  ridicule,  and  his  proposal  to  insure  penonal 
pro^x^rty  was  generally  consideitnl  impractical.  After  three  attempts 
he  sucxi^hUhI  in  organizing,  in  1710,  what  is  today  known  as  the 
Sun  Fire  Insurantv  ComjMiny.  It  is  the  oldest  Non-Mutual  Kie 
Insurance  Comjmny  in  existence  as  well  as  the  first  Fire  Insurance 
Company  which  undertook  the  insurance  of  moveable  goods  orpe^ 
sonal  pn)ixTty.  It  was  organized  as  a  partnership,  and  has  con- 
tinuetl  as  such,  it  being  almost  unique  among  insurance  companies 
in  this  rt»spect. 

Fire  Insurauce  by  Corporations,    The  first  Fire  Insurance  cor- 

])oration  originated  in  172().    The  Royal  Exchange  AssuranceCom- 

t0      pany  and  the  Ix)i]don  Assurance  Corporation  were  granted  diarteis 

to  do  a  marine  insuranc^c  business  and  in  the  following  year  were 

also  authoriz(*d  to  transact  Fire  and  Life  Insurance. 

Principles  of  Fire  Insurance.  During  the  growth  of  this  impo> 
tant  institution  there  have  been  formulated  certain  fundamental  laws 
or  cstablishi'd  rules  to  which  all  questions  and  problems  are  referred 
in  onler  to  asctTtain  the  tnie  purpases  of  Fire  Insurance  and  how 
it  shtMild   be  properly  acromplislied. 

Fire  hisuramr  insure.^  lujaiuifi  the  peril,  danger,  or  risk  offirt. 

Fire  Insurance  itisureat  (ujainM  a  loss. 

Fire  Insurfuur  insures  moneif  value. 

Fire  Insnninre  insures  the  owner  of  property. 

( 1 )  I{isk\  Fire  Insurance  insures  against  fire  only,  and  this 
limits  its  application  to  the  risk  or  result  of  fire  and  to  no  other  risk 
or  rrsiilt.  Anv  claim  or  demand  on  Fire  Insurance  must  have  as 
its  startint;  p»)int  the  iH'cnrn'nce  of  fire  and  must  proceed  fromthe 
direct  nvsult  of  fire  or  arise  from  the  effects  of  fire. 

(2)  Loss,  Fire  Insurance  insures  against  a  loss  and  thb 
limits  its  application  to  real  and  actual  loss.  Any  claim  or  demand 
on  Fire  Insurance  cannot  originate  or  hold  unless  there  be  a  loss. 
Fire  Insurance  cannot  be  usetl  to  obtain  a  profit  for  the  property 
owner  and  any  payment  under  Fire  Insurance  must  not  be  for  any- 
thing hut  a  loss  and  it  cannot  go  beyond  a  loss. 
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(3)  Money  Value.  Fire  Insurance  insures  money  value  and 
tfab  limits  its  application  to  the  destruction  of  material  value.  Material 
value  is  defined  as  thai  value  which  can  be  measured  in  mcmey  or  other 
commodities.  It  is  sometimes  called  the  fair  cash  market  value  of  the 
property  affected  by  the  fire,  or  a  value  that  can  be  restored.  It  is  one 
of  the  purposes  of  Fire  Insurance  to  restore  things  as  they  were,  and 
if  the  property  is  such  that  it  cannot  be  restored,  then  its  value  is  not 
material,  but  seniimenial;  in  this  case  no  claim  can  be  made  on  Fire 
Insurance,  for  Fire  Insurance  is  a  part  of  the  material  world  only. 

(4)  Ownership.  Fire  Insurance  insures  the  oumer  of  property 
and  this  limits  its  application  to  the  person,  not  the  thing.  Any  claim 
or  demand  on  Fire  Insurance  must  proceed  from  a  human  being  or 
person  in  the  eyes  of  the  law.  Fire  Insurance  is  an  agreement  with 
a  person,  who  is  the  owner  of  property,  to  insure  not  the  property^ 
but  the  owner's  interest  in  the  property. 

Summary.  The  four  fundamental  principles  of  Fire  Insurance 
may  be  summed  up  in  one  statement  or  proposition  as  follows: 
Fire  Insurance  is  a  promise  to  pay  the  owner  of  property  a  loss  of 
money  when  this  money  is  represeJited  by  property  which  has  been 
damaged  or  destroyed  by  Fire. 

Functions  of  Fire  Insurance.  Protection.  Fire  Insurance  is  a 
transaction  of  world-wide  custom  and  application,  and,  therefore, 
has  a  relation  to  the  public  as  a  whole;  it  may  be  said  to  have  the 
public  function  of  protecting  the  people  against  fire  as  a  destroyer 
of  money  value.  The  people  need  this  protection  against  fire  because 
it  is  an  event  or  calamity  which  is  not  included  in  the  plan  or  method 
by  which  people  work;  it  strikes  an  individual  or  group  of  individuals 
a  blow  which  they  are  unable  to  withstand  alone.  They  must  look 
to  other  individuab  or  communities  for  the  assistance  which  they 
themselves  would  give  if  conditions  were  reversed.  As  a  result,  all 
individuals  and  all  communities  agree  to  bear  the  effects  of  these 
calamities  as  a  common  buiden,  making  them  a  practical  application 
of  the  idea  of  common,  mutual,  or  reciprocal  interest. 

Restoring  of  Property  Loss.  Fire,  by  causing  the  destruction 
of  money  value,  deprives  an  indi\'idual  or  group  of  individuals  of 
their  working  capital — i.  e.,  the  means  by  which  they  exist  and  do 
business — and  makes  it  necessary,  as  a  matter  of  public  safety,  to 
provide  means  for  restoring  the  capital  which  has  been  destroyed 
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This  reimbursement  for  property  loss  becomes,  then,  the  chief  func- 
tion of  Fire  Insurance. 

Fire  Insurance  is  a  great  aid  to  business  and  enterprise  of  every 
description;  it  is  one  of  the  principal  bases  of  financial  credit;  and 
it  Ls  a  great  factor  in  the  widely  extended  use  of  capital,  which  is  a 
feature  of  the  mercantile  and  manufacturing  operations  of  the  modein 
world.    For  example,  the  mercantile  and  manufacturing  establish* 
ments  of  the  present  day  often  accumulate  destructible  property  to 
the  value  of  a  million  dollars  or  more  under  one  roof,  and  thereby 
assume  a  risk  which  they  could  not  afford  to  take  if  they  had  no 
financial  protection  in  case  of  fire.    Fire  Insurance,  therefore,  giuu^ 
antces  the  permanence  or  stability  of  the  business  and  permits  its 
operation  on  a  scale  and  to  an  extent  that  would  otherwise  be  im- 
possible.   It  permits  a  business  man  to  invest  on  as  laige  a  scale  as 
his  financial  resources  will  allow,  for  he  knows  that  he  is  protected 
against  loss  by  fire.     It  permits  a  business  man  to  borrow  sums 
beyond  his  own  capital,  for  capitalists  do  not  hesitate  to  loan  money 
on  buildings  which  are  protected  by  proper  Fire  Insurance.   Fa^thc^ 
more,  it  permits  manufacturers  to  sell  goods  to  dealers  on  a  credit 
of  three  or  four  months'  time,  because  the  goods  are  protected  by 
Fire  Insurance,  and,  if  destroyed  by  fire,  the  dealer  will  still  be  able 
to  pay  the  manufacturer. 

Fire  Insumncc  is  an  aid  to  communities  as  well  as  to  individuals, 
as  shown  by  coniparinfj  the  slow  recovery  of  London  from  its  great 
fire,  at  a  time  when  Fire  Insurance  was  not  practiced,  with  the 
wonderful  reproduction  of  Chicago  in  1871,  the  substantial  and  rapid 
restoration  of  Boston  in  1873,  and  tlie  rebuilding  of  Baltimore  in 
1904  and  San  Francisco  in  1906 — all  laigely  due  to  the  pajment  of 
the  Fire  Insurance  indemnity. 

Fire  Insurance  a  Tax.  Fire  Insurance  may  be  considered  a 
process  of  assessing,  collecting,  and  distributing  a  fire  tax  suffici«it 
to  make  good  the  money  loss  caused  by  fire.  This  is  done  through 
the  sale  of  Fire  Insurance  policies  just  as  the  government  collects 
various  taxes  by  the  sale  of  postage  and  revenue  stamps. 

Fire  Insurance  fixes  the  amount  of  the  assessment  by  a  graded 
tariff  or  dilFerential  list  of  charges,  wliich  measures  or  estimates  the 
chance  of  loss  and  establishes  a  specific  rate  or  price  for  insuring 
properties  according  to  their  Uability  of  loss  or  damage  by  fire.  These 
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tariffs  which  have  been  established  as  a  result  of  the  world's  fire 
experience  and  which  are  based  on  statistical  averages  founded  upon 
time,  space,  and  numbers,  have  been  prepared  by  associations  of 
companies  existent  among  Fire  Insurers  for  many  generations.  The 
fire  tariff  associations  measure  the  degree  of  unlikeness  in  properties 
or  risks  and  this  unlikeness  is  analyzed,  weighed,  and  valued  in 
Older  to  make  like  rates  for  like  risks  and  unlike  rates  for  unlike 
risks. 

Fire  Insurance  Policy.  The  policy,  as  already  defined,  is  the 
bond  or  guarantee  issued  by  the  company  as  proof  that  a  certain 
amount  of  insurance  has  been  bought  and  sold.  The  issuance  of 
the  policy  puts  the  insurance  in  force  and  makes  it  a  thing  of  real 
and  actual  value  to  the  property  owner.  It  gives  the  Fire  Insurance 
a  legal  standing  and  establishes  a  legal  contract. 

The  policy  in  external  form  and  shape  is  a  lai^  sheet  of  printed 
paper  with  some  portions  left  blank  where  certain  details  are  to  be 
filled  in  in  writing.  Additions  or  corrections  to  the  policy  are  also 
made  in  writing,  while  the  signatures  are  either  in  writing  or  in 
printed  facsimiles  of  writing. 

Form.  The  form  of  policy  of  the  present  day  has  been  in  use 
without  change  almost  from  the  beginning  of  Fire  Insurance.  It 
is  a  sheet  of  paper  17  inches  wide  by  21  inches  long,  and  is  folded 
twelve  times,  so  that  when  closed,  and  first  presented  to  a  person, 
it  is  a  folded  paper  3\  inches  wide  by  8J  inches  long. 

The  face  of  the  folded  policy  has  the  following  printed  infor- 
mation: (1)  That  the  policy  is  the  standard  or  legal  policy  of  cer- 
tain states;  (2)  Date  that  the  policy  expires  and  ceases  to  be  of  value; 
(3)  Location  of  tlie  property  insured;  (4)  Amount  of  the  insurance; 
(5)  Amount  of  the  premium;  (6)  Name  of  the  insured;  (7)  Serial 
number  of  the  policy  as  contained  in  the  records  of  the  insurer; 
(8)  Name  of  the  insurer  or  company  and  the  amount  of  its  capital 
or  surplus;  (9)  Address  or  location  where  losses  are  paid;  and  (10) 
Notice  or  warning  that  the  written  portions  of  all  policies  covering 
the  same  property  should  read  alike. 

The  policy,  when  opened  to  one  quarter  of  its  size,  exhibits 
the  names  of  the  oflScers  of  the  company  and  the  following  three 
important  clauses  or  endorsements:  (a)  Form  for  assignment  of  in- 
terest by  the  insured;  (b)  Form  for  consent  by  the  company  to  the 
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assignment  of  interest;  and  (c)  Form  for  the  receipt  of  retuned 
premium  and  the  surrender  of  the  policy  by  the  insured. 

The  policy  matter  is  divided  roughly  into  three  divisions,  vix, 
details  of  the  transaction  or  indemnity;  detaik  of  the  property  aad 
special  conditions:  an<l  standard  or  legal  clauses  and  conditions 
rcc|uired  by  law  in  all  policies. 

An  itemized  or  enumerated  list  of  the  tilings  contained  in  a 
fK)licy  in  the  onler  in  which  they  appear  is  as  foUo^'s:    (1)  Cba> 
acter  of  iiisun*r— for  example,  Stock  Company;  (2)  Serial  number  of 
[K)licy  as  (^>ntained  in  insurer's  records;  (3)  Amount  of  insurance 
in  figun^s;  (4)  Rate  of  premium;    (5)  Title  of  insurer  and  address 
(residence  or  location);  (())  Statement  of  consideration,  i. ^., (a) stipu- 
lations named,  and  (b)  cash  or  money  as  premium;  (7)  Clause  bind- 
ing the  insurer,  /.  c,  the  words  does  insure  or  do  insure;  (8)  Name  of 
insured  or  owner;  (9)  Term  of  policy  or  length  of  time  during  whidi 
insurance  is  go<xl;  (10)  Date  of  day,  month,  year,  and  hour  of  day 
that  the  insurance  b<^ns  and  ends;  (11)  Risk,  peril,  danger,  event, 
damage,  or  Icxss,  against  which  the  insured  is  protected;  (12)  The 
amount  of  insurance  written  in  words;  (13)  Clause  limidng  the  in- 
surance to  the  property  described  in  the  following  blank  space  or 
lines,  or  in  a  sheet  of  pap<*r  attached  to  the  blank  space. 

This  sh(»ot  of  paper  attached  to  the  blank  space,  called  the 
farm,  is  a  st^panite  sh(K*t  of  paj)er  simply  as  a  matter  of  convenience, 
liecanse  it  has  been  found  easier  in  practice  to  have  all  matters  that 
go  into  a  fonn  plac(»(l  on  a  loose  sh(»et  of  pa{x»r  rather  than  printed 
or  written  in  the  bhink  space  left  on  the  policy.  Any  paper  attached 
to  the  policy  in  this  manner  has  the  same  force  and  value  as  if  it 
were  a  part  of  the  policy  itself. 

It  is  customary'  to  include  in  the  form  the  following  important 
things:  (14)  Sptrifi(»d  parts  or  amounts  of  the  insurance,  if  the  total 
sum  is  dividend;  (lo)  Specifitnl  and  detailed  description  of  the  prop- 
erty insured;  (16)  Ixx'ation  of  the  pn)piTty  insured;  (17)  All  special 
clauses,  which  are  part  of  or  l>elong  to  the  particular  policy,  in- 
cluding privileges  or  pennissions  granted  by  the  insurer,  warran- 
ties or  agreements  made  hy  the  insured,  and  also  any  other  fea- 
ture which  is  not  an  established  or  fundamental  part  of  the  policy, 
as  ortlered  by  the  law  according  to  the  printed  lines  underneath  the 
blank  space. 


««% 


ELEMENTS  9 

The  balance  of  the  policy  consists  of:  (18)  Conditions,  stipula- 
tions, and  provisions  established  by  the  State  and  required  by  the 
Law  in  all  policies  issued  by  insurers,  which  are  contained  in  what 
is  called  the  printed  portion  of  the  policy  as  distinguished  from  what 
might  be  added  to  the  policy  in  the  form,  and  which  include  tlie 
lines  numbered  from  1  to  112;  (19)  Paragraph,  treating  of  conditions 
governing  waiver  of  policy  provisions;  (20)  Date  that  policy  has  been 
executed  or  subscribed  by  agents  or  officers;  (21)  Subscription  or 
signature  of  officers  of  company;  (22)  Counter  subscription  or  coun- 
ter signature  by  agent  of  company,  if  policy  is  issued  by  Such. 

FIRE  INSURANCE  AS  A  TRANSACTION 

Fire  Insurance  as  a  transaction  is  begun  by  a  property  owner 
applying  to  a  Fire  Insurance  Company  for  insurance.  The  various 
steps  in  the  transaction  are  as  follows:  (1)  Application  for  Fire  Insur- 
ance by  a  property  owner;  (2)  Temporary  insurance  granted  by  the 
Insurer;  (3)  Inspection  of  the  property  by  the  Insurer;  (4)  Making 
of  a  rate  of  premium  or  fixing  the  price  of  the  Fire  Insurance;  (o) 
Approval  of  the  risk  or  the  decision  to  insure  or  not  to  insure;  (6) 
Writing  of  the  policy;  (7)  Payment  of  the  premium  or  cost  of  the 
insurance;  (8)  Occurrence  of  a  fire;  (9)  Settlement  of  the  claim  and 
adjustment  of  the  loss. 

Application  for  Fire  Insurance.  The  application  for  Fire  Insurance 
made  by  a  property  owner  to  an  Insurer  or  Fire  Insurance  Company 
consists  of  a  request  for  insurance  together  with  name  of  property 
owner,  location  and  nature  of  property,  and  amount  of  insurance 
desired.  The  application,  which  is  treated  practically  as  a  memo- 
randum in  order  to  allow  the  insurer  time  to  look  into  the  matter,  is 
frequently  made  orally  and  by  a  representative  or  agent  of  the  prop- 
erty owner  to  a  representative  or  agent  of  the  insurer. 

Temporary  Insurance.  When  Fire  Insurance  is  applied  for, 
the  applicant  is  usually  given  a  paper  calletl  a  binder-policy.  How- 
ever, in  many  cases  a  binder  is  not  given  to  the  applicant,  but  the 
insurance  may  still  be  legally  in  force,  because  the  law  recognizes 
the  validity  and  legality  of  Fire  Insurance  which  has  not  been  con- 
firmed by  the  making  of  papers  as  records  and  proofs.  The  binder 
is  just  as  much  a  policy  as  the  completed  document,  serving  the  pur- 
pose of  giving  the  applicant  for  insurance  immediate  protection  as 
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well  as  allowing  the  Fire  Insurance  Company  sufficient  time  to 
investigate  the  conditions  of  the  risk  before  definitdy  and  pennanently 
issuing  the  insurance.  The  form  of  binder  in  use  in  New  Yoik  Ciij 
and  approved  by  Xcw  York  State  is  shown  in  Fig.  1. 
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Fig.  1.     Form  of  Binder  U»ed  in  New  York  aty 

Inspection  of  Property.  The  Fire  Insurance  Company  inspects 
the  projKTty  offert^l  for  insurance  for  the  general  purpose  of  collect- 
ing such  information  as  will  enable  it  (1)  to  decide  intelligently  and 
efficiently  wliether  it  is  desirable  to  furnish  the  insurance,  and  (2) 
to  issue  or  write  the  insurance  in  such  a  form  as  to  give  the  property 
owner  the  protection  or  indemnity  that  he  desires. 

The  information  concerning  the  property  offered  for  insurance 
is  specialize<l  according  to  the  requirements  of  the  different  brandies 
of  the  company.  The  rating  department  needs  information  about 
the  features  of  the  property  which  may  have  a  bearing  on  the  fnie. 
The  underwriting  department  needs  information  which  will  enable 
it  to  judge  the  desirability  of  the  risk  as  well  as  the  amount  of  insur- 
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ance  that  can  be  safely  issued  on  the  property.  The  poltci/'^wriling 
department  needs  information  to  enable  it  to  issue  the  policy  in  correct 
form  and  to  state  all  the  detaik  of  the  property  in  order  to  give  the 
owner  the  protection  he  is  seeking  as  well  as  to  protect  the  com- 
pany by  the  terms  and  conditions  under  which  the  insurance  is  issued. 
Tlie  loss  department  needs  information  that  will  assist  it  to  appraise 
the  damage  caused  by  fire  and  in  this  respect  it  is  frequently  depend- 
ent entirely  on  the  records  of  the  inspection  report,  because  all  other 
evidence  may  have  been  destroyed  by  the  fire. 

Rating  a  Property.  The  rating  of  a  property  offered  for  insurance 
is  exactly  like  fixing  the  selling  price  of  an  article  of  merchandise. 
TTie  rate  is  made  by  a  rater  or  rate  derk  who  is  generally  furnished 
with  certain  tables  or  lists  of  rates  which  have  been  established  or 
determined  for  different  classes  of  properties  and  for  different  localities 
as  the  result  of  practice  and  experience.  A  particular  class  of  build- 
ing or  business,  therefore,  when  located  in  a  particular  city,  town, 
village,  or  other  situation  will  be  found  to  have  a  fixed  ba^se  or  doss 
rate. 

The  rater  examines  the  inspection  report  and  from  the  informa- 
tion furnished  therein  classifies  the  property  and  gives  it  its  base  or 
dass  rate.  If  the  property  is  of  the  kind  for  which  class  rates  have 
been  established  and  it  does  not  vary  from  the  average  or  typical 
property  of  its  class,  the  making  of  a  rate  is  simply  the  work  of  assign-* 
ing  the  property  to  its  right  class  and  taking  the  proper  rate  figure. 
If  the  property,  however,  is  such  that  it  cannot  be  rated  as  a  class 
property,  but  must  be  given  a  special  or  individual  rate,  because  of 
its  particular  conditions,  then  the  rater  must  make  up  an  itemized 
or  scheduled  rate  on  the  property. 

In  the  making  of  an  itemized  rate,  the  class  rate  set  for  the  build- 
ing or  business  is  taken  ss  the  base  or  foundation  of  the  rate.  To 
this  base  rate,  the  rater  adds  charges  or  additions  for  the  bad  features 
of  the  property,  and,  corresi>ondingly,  deducts  amounts  or  allow- 
ances for  the  good  features.  In  this  process  of  itemized  rating  are 
considered:  construction  of  the  building  and  its  defects  and  improve- 
ments; special  hazards  (causes  of  fire)  connected  with  the  business 
or  occupancy;  fire  protection  systems  and  appliances;  exposure  or 
fire  danger  from  outside  sources;  and  general  conditions  arising  from 
management  of  property 
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The  abovt*  features,  on  c\ose  inspection  and  analysis,  would 
themselves  sulNlivide  into  u  number  of  small  indix-idual  features, 
each  of  which  nii^lit  csill  for  a  chai^  or  increase  in  the  rate,  or,  on 
the  other  hand,  mi^ht  call  for  an  allowance  or  reduction  depending 
on  whether  the  feature  was  a  defect  or  a  benefit. 

Approval  of  Risk.  Fire  Insurance  Companies  do  not  insure  ill 
pmpertics  that  are  offer«l  to  them  for  insurance.  The  process  or 
method  by  which  pn)|x*rties  are  selected,  is  in  its  narrow,  technicil 
sense  calletl  under irr it ing,  and  is  practically  a  system  of  judging 
insurable  projHTties,  the  underwrittr  being  the  judge. 

In  the  decision  to  insure  or  not  to  insure,  the  underwriter  oxh 
siders  the  following  things:  rate  and  premium;  physical  hazards  of 
the  pn)|x*rty;  moral  hazards;  experience  of  the  class  of  property; 
liability  limit;  and  |H»rct*ntage  of  expected  loss. 

The  work  of  the  underwriter  is  difficult  of  explanation,  because 
then*  ixTv  few,  if  any,  st»t  niles  or  methods  in  this  branch  of  insurance. 
It  is,  to  a  large  extent,  a  matter  of  feeling  or  instinct  a^da^UDde^ 
writer  fnH|ueiitly  actrpts  or  dwiines  iasurance  without  explanation 
for  his  iictions. 

Writing  the  Policy.  A  Fire  Insurance  transaction  amounts  to 
a  legid  contract  an<l,  as  it  is  customarj'  to  have  legal  contracts  drawn 
up  in  writing  and  in  a  set  form,  the  Fire  Insurance  contract  is  rep- 
rcscntetl  by  the  policy.  The  |M>licy  is  prepared  or  written  from  the 
infonnation  containni  in  the  application  made  by  the  property 
owner,  tlie  ins|K'et()r's  rejH)rt,  the  rater's  report,  and  the  under- 
writer's report.  '^Die  writing  of  a  f)olicy  ha^  two  phases:  one,  orrf/miry, 
or  rlrrlral:  tlie  other,  specinl,  or  legal.  The  onlinarj'  worit  of  writing 
a  policy  is  almost  entirely  a  clerical  mattcT  and  requires  little  more 
than  a  corrt^ct  tnmscription  of  det^iils  containe<l  in  die  various  reports. 
The  sjKHial  or  legal  part  of  |)olicy  writing  is  the  attaching  of  wa^ 
ranties  and  clauses,  and  the  pn»|)iiration,  or  examination  and  scrutiny, 
(»f  the  funn. 

The  insurance  company  dejK'nds  on  its  policy  writer  to  do  two 
things:  (1)  to  sih'  that  the  policy  makes  the  company  liable  only 
for  what  the  insurcT  has  contractwl  for;  and  (2)  to  see  that  the  policy 
holds  the  pn,|)erty  owner  or  insurtxl  to  the  carrjing  out  of  conditions 
or  agn'enients  that  are  a  pirt  of  his  application  for  insurance,  and 
on  which  the  insurer  has  fixed  the  rate  and  has  guaranteed  the  in- 
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demnity  or  financial  protection.  After  the  policy  has  been  written, 
it  is  signed  by  the  insurer,  usually  the  President  and  the  Secretary 
of  the  company,  and  then  is  countersigned  by  the  agent  of  the  com- 
pany, if  the  poUcy  is  issued  by  such. 

Payment  of  the  Premium.  When  a  policy  is  delivered  to  the 
insured  or  property  owner,  the  insurance  company  has  furnished 
the  guarantee  or  promise  of  indemnity,  and  the  payment  therefor  is 
due.  A  bill  is  sent  with  the  policy  and  the  money  is  supposed  to 
change  hands  on  the  basis  of  a  cash  transaction.  In  practice,  how- 
ever, credit  is  generally  granted  and  payment  is  postponed  or  deferred 
for  a  given  period,  such  as  ten  or  thirty  days,  during  which  time  the 
holding  of  the  policy  keeps  the  insurance  good,  but  at  its  expiration, 
if  the  money  is  not  paid,  the  insurance  company  may  withdraw  the 
insurance  by  giving  five  days'  notice  to  the  holder  of  the  policy  and 
at  the  end  of  the  five  days  the  policy  ceases  to  be  of  any  value. 

Occurrence  of  Fire.  As  the  entire  Fire  Insurance  transaction  deals 
with  fire,  it  need  hardly  be  said  that  it  takes  a  fire  to  make  a  loss  and 
thereby  to  cause  a  demand  on  the  insurance  company  to  make  good 
its  guarantee.  When  a  property  owner  carrying  Fire  Insurance 
suffers  a  loss  by  fire,  he  must  do  two  things  at  once:  send  a  written 
notice  to  the  insurance  company,  and  protect  the  damaged  property. 

The  sending  of  a  written  notice  consists  of  an  ordinary  letter, 
which  states  that  there  has  been  a  fire  on  a  given  date  at  a  given 
location,  and  that  loss  has  been  caused  to  property  insured  by  a 
policy  of  the  insurance  company. 

The  protection  of  the  damaged  property  consists  in  stopping 
further  damage  or  in  stopping  unnecessary  damage  to  other  prop- 
erty which  is  uninjured.  This  is  usually  done  by  separating  damaged 
from  undamaged  property,  stopping  water  from  flowing  and  leaking, 
and  doing  anything  else  that  common  sense  suggests  to  prevent  the 
loss  from  increasing;  in  other  words  the  property  owner  should  act 
as  if  he  had  as  much  interest  as  the  insurance  company. 

After  this  has  been  done,  the  property  owner  is  required  to 
make  an  inventory  of  the  personal  property,  stating  the  quantity 
of  each  article,  the  cost  of  it,  and  the  amount  of  loss  claimed  on  it 
These  preliminary  steps  are  required  to  be  done  at  once.  In  addition 
a  siDorn  claim  or  proof  of  loss  must  be  made  to  the  insurer  within 
sixty  days.    This  proof  of  loss  contains  the  following  features:  (a) 
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Knowledge  and  belief  as  to  origin  of  fire;  (6)  Interest  of  parties  in 
property;  (c)  Value  of,  and  loss  on,  each  item;  (d)  Incumbrances; 
(e)  Other  insurance;  (/)  Copies  of  policy  forms  and  descripti(X}s; 
(g)  Changes  in  title ,  use,  occupation,  location,  pos^emon,  or  exponare; 
(A)  Occupancy  of  buildings;  (t)  (If  required),  Plans  and  spedfications 
of  buildings  or  machinery';  and  (j)  (If  required),  Magbtrate's  ce^ 
tificate. 

Settlement  of  Claim  and  Adjustment  of  Loss.  When  an  insure 
or  insurance  company  has  been  notified  of  a  fire,  which  has  caused 
damage  or  loss  to  property  insured  under  one  of  their  policies,  the 
matter  is  put  in  charge  of  an  adjuster.  An  adjuster  is  an  insurance 
company's  representative  who  investigates  fire,  examines  claims  for 
lass,  and  certifies  the  payment  of  money  as  the  indemnity  guaranteed 
by  the  policy. 

The  adjuster's  work  falb  into  three  parts:  investigation;  adjust- 
ment; and  verification  of  liability.  The  investigation  of  a  fire  or  loss 
is  the  preliminarj'  step  taken  by  the  insurance  company  to  protect 
its  intert^sts,  as  they  are  not  required  under  any  circumstances  to 
pay  losses  caused  by  dishonest  or  malicious  fires.  The  adjuster 
collects  all  the  facts  he  can  regarding  the  origin  and  the  spread  of 
the  fire;  he  examines  the  policies  held  by  the  property  owners  and 
takes  what  steps  he  considers  necessary  to  protect  or  save  the  dam- 
aged  property. 

Value  and  Loss.  The  adjustment  consists  in  finding  the  real 
and  the  actual  amount  of  the  loss  or  damage.  The  first  thing  sought 
is  the  value  if  the  pre  pert  y;  the  second,  the  amount  cj  the  loss,  the  two 
being  usually  detemiinwl  either  by  agreement  or  appraisal. 

By  the  afijreement  meth(Kl  the  insurer  and  the  insured  accept 
estimates  made  l)y  their  representatives  or  experts.  If  the  value 
and  the  loss  cannot  be  at^recnl  upi^n  by  making  estimates  acceptable 
to  both  sides,  then  ihv  matter  is  settled  by  appraisal. 

In  an  appraisal  of  a  Fire  Insurance  loss,  the  property  owner 
and  the  insurance  company  each  select  an  appraiser  to  represent 
them,  and  these  two  select  a  third  appraiser,  who  is  in  reality  an 
um|)ire  or  jiid^^c,  because  he  is  expected  to  decide  impartially  and 
without  prejudice  or  favoritism  to  either  party.  The  appraisers 
consider  all  the  facts  in  the  case  and  make  a  decision  which  detei^ 
mines  the  amount  of  the  loss. 
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Salvage.  In  the  process  of  adjustment^  it  frequently  happens 
that  the  damaged  property  must  be  handled  or  salvaged.  Salvage 
is  the  work  of  preventing  further  ^amage^  and  consists  in  separating 
the  property  affected  by  the  fire — ^undamaged  property  being  placed 
by  itself,  more  or  less  damaged  property  in  another  place,  and  the 
totally  destroyed  or  worthless  stuff  put  aside  so  that  it  does  not  con- 
tinue to  injure  property  that  can  be  used  or  sold.  The  work  con- 
sists in  reducing  the  actual  loss  or  damage  from  fire  to  a  minimum 
and  is  often  done  in  behalf  of  both  the  property  owner  and  the  in- 
surance company,  but  usually  by  the  insurance  company. 

LiabilUy.  After  the  amount  of  the  loss  has  been  determined, 
the  adjuster  then  considers  the  question  of  liability  for  his  com- 
pany, L  e,,  is  the  insurer  bound  to  pay  the  loss,  and,  if  so,  how  much 
or  what  part  of  the  amount?  In  some  instances  the  facts  or  circum- 
stances of  the  fire  are  such  that  the  insurance  company  has  been 
released  from  its  liability  or  promise  to  pay.  This  can  happen  in 
various  ways:  The  policy  can  be  voided  or  forfeited  by  some  act 
or  neglect  of  the  property  owner;  the  fire  may  have  been  caused  by 
something  that  the  policy  contract  excludes  as  a  proper  cause  for 
loss;  or  the  property  suffering  a  loss  may  not  be  included  in  the 
property  described  by  the  policy.  In  case  the  insurance  company 
is  liable  the  next  question  is:  To  what  extent?  A  reduced  or  partial 
liability  for  the  insurance  company  may  result  in  several  ways. 

First,  in  case  the  insurance  company  is  the  only  insurer,  and, 
therefore,  has  all  the  liability  that  exists,  then  it  can  result  that 
this  insurer  is  not  bound  to  pay  the  full  loss  because  the  property 
owner  failed  to  carry  as  much  insurance  as  he  agreed  to  carry.  This 
is  a  condition  in  the  policy,  which  is  called  the  co-insurance  dause, 
and  when  it  is  not  observed  by  the  property  owner,  the  insurance 
company  is  required  to  pay  only  a  percentage  of  the  loss  instead  of 
the  full  amount 

Second^  in  case  there  are  several  insurers,  partial  or  reduced 
liability  can  result  for  all  the  insurers,  because  the  property  owner 
has  not  obser\'ed  the  co-insurance  clause,  and,  therefore,  must  assume 
a  part  of  his  own  loss  instead  of  the  insurers  paying  it  in  full. 

Thirdf  when  there  are  insurers,  partial  liability  results  for  all, 
because  each  insurer  is  required  to  pay  a  loss  in  accordance  with 
the  portion  of  insurance  that  he  issued.    That  is,  each  insurer  or 
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insurance  company  pays  the  same  percentage  of  the  amount  of  die 
l(x*vs  as  thcv  hold  of  the  amount  of  the  insurance.  This  is  what  is 
called  die  pro-rata  or  contribution  clause. 

Sriilemeni.  After  these  various  questions — ^value  of  propertj, 
amount  of  loss,  percentage  of  liability — have  been  settled  and  the 
net  amount  of  the  loss  determined  or  ascertained,  the  insurer  or  in- 
surance^ company  can  settle  the  claim  or  make  good  the  loss  in  sev«nd 
ways:  It  can  rebuild  the  structure,  if  it  is  a  building;  it  can  repair 
or  replace  the  property  as  it  was  before  the  fire;  it  can  pay  the  amount 
agrci^l  upon  as  the  value  of  the  property,  t.  e.,  buy  it  as  a  regular 
Siilo;  or  it  can  pay  citsh  to  the  amount  of  the  loss  or  clainoL  The  last 
method  is  the  one  generally  followed,  but  the  others  are  sometimes 
used. 

FIRE  INSURANCE  AS  A  BUSINESS 

The  Fire  lasurance  business  is  conducted  by  four  classes  of 
business   concmis: 

{\)  Jnint'Stack  Corporations  or  Companies,  The  J<Hnt-Stod[ 
Companies  are  the  largest  and  transact  the  greatest  part  of  the  insu^ 
ance  business,  and  for  tliis  reason  they  are  considered  as  regular 
Fire  Insurance  companies,  while  all  others  are  considered  speeid 
companies. 

(2)  Mutual  Corporations  or  Companies.  The  Mutual  Companies, 
although  most  nunu»n)iis,  operate  principally  in  rural  communities. 
An  exception  to  this,  of  course,  is  the  Manufacturers'  Mutual  Com- 
panies, wliicli  are  so  well  estal)Iished  in  manufacturing  centers  that 
they  are  really  as  well  known  as  the  Joint-Stock  Companies. 

(3)  Reciprocal  Undcrur iters  or  Inter-Insurers.  Reciprocal  Un- 
derwriters or  Inter-Insur(*rs  are  a  development  from  the  Mutual  In- 
surance idea,  in  that  tli(»v  do  business  onlv  with  their  own  members 
and  are  orpmizetl  for  the  purpose  of  getting  Fire  Insurance  at  cost 
They  an*  ortraiiized  only  among  certain  large  trades,  principally 
mercantile  establishments,  and  accordingly  are  found  only  in  the 
large  cities. 

(4)  Lloyds  or  Individual  Insurers.  Lloyds  or  Individual 
Insurers  are  simply  single  pi»rsons  or  groups  of  persons  who  transact 
V\tv  Insurance  on  their  individual  responsibility  and  on  a  p^oprieto^ 
ship  basis. 
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JOINT-STOCK  FIRE  INSURANCE  COMPANY 

Coiporation.  While  the  nature  of  a  corporation,  of  which  a 
Joint-Stock  Fire  Insurance  Company  is  an  example,  is  nowadays 
understood,  it  may  be  worth  while  to  explain  briefly  how  it  is  formed 
and  how  its  relations  in  the  world  of  business  are  carried  on. 

In  order  to  understand  the  workings  of  a  corporation,  it  must 
be  remembered  that  business  can  be  transacted  only  by  persons  or 
bodies,  for  only  persons  or  bodies  can  be  held  responsible  for  their 
actions.  If  business  could  be  carried  on  only  by  human  beings,  it 
would  mean  that  business  must  be  done  under  the  form  of  an  individual 
ownership  or  of  copartner  ownership.  That  is  to  say,  one  man  must 
cany  on  a  business  himself,  or  he  must  join  with  other  men  as  part- 
ners, and  all  share  in  the  investments,  expenses,  profits,  debts, 
liabilities,  and  other  responsibilities  of  a  business. 

There  are  serious  objections  to  the  partner  arrangement,  because 
any  one  of  the  partners,  individually  or  separately,  can  be  held  liable 
for  all  the  debts  or  responsibilities  of  the  businass,  i,  e.,  there  is  no 
limit  to  the  liability  of  any  one  man  engaged  in  a  business  part- 
nership, a  legal  circumstance  that  has  frequently  resulted  in  haid- 
ship  and  financial  loss  to  many  an  innocent  man.  It  was  to  provide 
a  way  of  avoiding  this  unlimited  liability  in  business  arrangements 
that  the  law  permitted  the  formation  of  corporations;  which,  while 
being  managed  by  natural  persons,  really  consisted  of  artificial 
persons  created  by  law,  or  under  the  authority  of  law,  with  powers 
and  liabilities  separate  and  distinct  from  the  persons  or  members 
who  compose  the  corporation. 

In  this  way  a  number  of  persons  can  form  a  company,  society, 
or  association  which  is  a  ''body"  of  persons  in  the  eyes  of  the  law; 
that  is,  it  is  lawfully  incorporated.  It  has  the  advantage  of  a  part- 
nership, in  that  a  number  of  men  can  combine  to  carry  on  a  business, 
while  it  is  without  the  disadvantage  of  a  partnership  in  that  the 
responsibility  or  liability  of  the  members  is  limited  only  to  the  amount 
of  money  or  the  share  taken  by  them  in  the  corporation. 

A  Joint-Stock  Fire  Insurance  Company  is,  therefore,  a  corpo- 
ration formed  by  a  number  of  persons,  who  have  invested  money  in 
it  as  capital,  and  for  this  money  have  received  certificates  of  stock, 
or  shares,  in  proportion  to  the  amount  of  money  they  put  in.  These 
investors  are  called  stockholders,  and  are  collectively  the  proprietors 
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or  owners  of  the  corporation.  They  have  invested  Him  money 
with  the  expectation  of  financial  returns,  so  that  the  company  is 
established  and  conducted,  like  any  other  business  enterprise,  for 
the  purpose  of  making  money  by  selling  Fire  Insurance  at  a  proGt 
The  company  is  managed  by  its  officers,  subject  to  the  control 
of  the  directors  ami  the  stockholders.  The  officers,  if  not  practical 
men,  employ  such  men  to  carry  on  the  strictly  insurance  work  of 
the  company,  while  they  attend  to  the  general  business  acdvitiesL 
The  companies  usually  do  a  general  Fire  Insurance  business,  operat- 
ing in  all  parts  of  the  country  or  the  worid,  insuring  all  dasses  of 
properties,  and  offering  policies  of  insurance  at  a  stated  price.  Tie 
policies  of  insurance  are  covered  or  made  good  by  all  the  assets  of 
the  company,  i.  e.,  the  liability  assumed  under  the  policies,  or,  to 
state  it  another  way,  the  loss-paying  ability  of  the  company  is  rep- 
resented by  the  capital,  surplus,  undi\ided  profits,  and  all  other 
property  of  the  company. 

THB  MUTUAL  FIRE  INSURANCB  COMPANY 

Mutual  Fire  Insurance  Companies  are  in  most  cases  simply 
associations  of  individuals  who  have  offered  to  insure  one  anotho* 
on  a  mutual  or  co-operative  plan.  Such  companies  are  sometimes 
ri'^larly  incorporatwi,  but,  as  a  rule,  the  form  of  organization  is 
that  of  an  jusscK-iation  or  society,  for  the  reason  that  all  the  opera- 
tions are  confined  to  the  members  and  responsibility  to  outsiders 
is  seldom  incurred. 

To  form  a  Mutual  Fin*  Insurance  Company,  it  is  only  neces- 
sary for  a  nuniIxT  of  individuals  to  sign  an  agreement  and  to  elect 
officers  or  (lircH?tors  to  manage  the  company's  affaii-s.  The  oflBcers 
or  directors,  if  they  are  not  practical  insurance  men,  employ  men  to 
do  the  technical  insurance  work  of  inspecting  buildings,  making 
rates,  issuing  policies,  collecting  premiums,  and  adjusting  losses. 

In  the  working  of  the  simpler  and  locally  managed  Mutual 
Companies,  practically  nothing  is  done  beyond  the  signing  of  the 
agreement  until  a  fire  occurs  and  one  of  the  members  suffers  a  loss. 
Then  it  is  necessar}*  to  apportion  the  loss  among  all  the  members 
and  collect  from  each  the  amount  that  he  should  pay,  this  sum 
being  in  pn){X)rtion  to  the  amount  of  insurance  that  he  carries. 
It  is  the  Mutual  principle  that  the  benefits  and  the  losses  shall  he 
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dialed  by  all  the  members  on  the  basis  of  the  amount  to  which  they 
participate;  that  is,  a  member  pays  such  a  proportion  of  a  loss  as 
his  own  insurance  is  of  the  total  insurance.  For  example :  A  member 
with  $10,000  insurance  out  of  a  total  insurance  of  $1,000,000  is 
receiving  1/100  of  the  benefits  of  the  company  and  he  should,  there- 
fore, pay  1/100  part  of  any  loss.    This  is  the  probata  principle. 

Some  Mutual  Insurance  Companies  follow  the  Joint-Stock 
Company  method  in-so-far  as  they  collect  premiums  from  their 
members  and  pay  losses  from  the  premiums  whenever  possible.  How- 
ever, in  the  Mutual  Companies,  it  is  customary  for  only  a  portion 
of  the  premium  to  be  paid  in  cash,  the  balance  being  covered  by 
promissory  notes,  which  are  called  upon  when  assessments  must  be 
made  for  the  losses  beyond  the  amount  raised  by  the  cash  premiums. 

For  example:  Mutual  Insurance  policies  are  usually  written 
for  five  or  seven  years,  but  only  one  year's  premium  will  be  paid  in 
cash  and  the  promissory  notes  for  the  remaining  premiums  are  a 
lien  on  the  property  insured  by  the  member  making  the  note.  In 
some  cases  the  promissory  notes  are  considered  deposit  notes  and 
are  made  for  several  times  the  amount  of  a  member's  premiums  in 
order  to  furnish  the  company  with  a  proper  working  fund. 

As  it  is  a  part  of  the  Mutual  Insurance  Company  plan  to  assess 
the  members  in  case  of  losses  beyond  the  premium  receipts,  so  it  is 
also  the  plan  to  return  dividends  to  the  members  when  the  losses 
sue  less  than  the  premium  receipts.  This  has  been  the  case  of  the 
New  England  Manufacturers'  Mutual  Fire  Insurance  Companies, 
virhich  have  been  so  well  conducted  that  they  deserve  special  study 
in  order  to  dissociate  their  operations  fi*om  those  of  Mutual  Insur- 
moe  Companies  as  a  whole,  which  have  bad  reputations  because  of 
their  mismanagement  and  failures. 

These  Mill  Mutual  Companies,  as  they  are  popularly  called, 
3elong  to  a  group  or  association  called  the  Associated  Factory  Mutual 
Fire  Insurance  Companies^  with  headquarters  in  Boston,  Mass. 
rhese  companies  are  established  in  the  various  New  England  States, 
t)ut  also  have  members  in  other  maimfacturing  States.  They  have 
>een  so  successful  for  a  long  period  that  they  have  been  enabled  to 
lo  away  with  the  necessity  of  the  members  giving  notes,  and  the 
usurauce  is  practiced  almost  entirely  on  the  basis  of  premium 
neceipts.  The  members  pay  full  premium  at  rates  fixed  by  the  directors. 
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and  at  the  end  of  the  year,  when  the  losses  and  expenses  have  been 
dcrhictcd  from  the  premium  receipts,  a  dividend  is  declared  and 
the  memlx'rs  h^'e  returned  to  them  the  unused  portion  of  their 
premiums. 

RECIPROCAL  UNDERWRITBRS  OR  INTER-INSURERS 

Rec'ipn>cal  rnderwriters  or  Inter-Insurers  are  groups  of  in- 
divi(hials  who  insure  one  another  against  losses  by  fire  on  a  reciprocal 
or  exchange  basis.  That  is,  each  member  of  the  group  insures  all 
the  other  members  and  in  turn  is  insured  by  them,  thus  making  each 
holder  of  a  reciprocal  insurance  policy  an  insurer  as  welL 

The  plan  is  a  development  of  the  Mutual  Insurance  idea,  io 
the  sense  tliat  it  is  designed  for  the  benefit  of  the  members  and  each 
member  helps  to  pay  the  losses  of  other  members  in  retum  for 
similar  itssistance  by  them,  but  the  two  plans  are  distinctly  different 
in  two  particulars — management  and  liability. 

(1)  The  Mutual  Company  is  managed  by  directors  and  ofBceis 
who  are  members,  while  the  Reciprocal  Underwriters  are  managed 
by  an  individual  or  individuals  who  are  not  participating  membei), 
but  are  outsiders  employe<l  by  the  Reciprocal  Underwriters  and  paid 
on  a  p(*rcentage  basis. 

(2)  The  liability  of  a  member  of  a  ^Mutual  Company,  as  has 
been  explained,  is  pnh-rata,  and  is,  therefore,  variable  and  sliding, 
increasing  and  decn»asing  acconling  as  the  insurances  and  losses 
of  the  company  incrt^ase  and  decrease.  Under  the  Reciprocal  plan 
each  member  obligates  himself  for  a  certain  amount  of  money  and 
is  not  liable  bevond  this  amount 

Ilecipmcal  Underwriters  are  not  incorporated;  the  members 
simply  sign  an  agreement  to  j)erfonn  certain  acts.  The  persons  or 
firm  managing  the  association  are  active  insurance  men  who  are 
authorizcnl  by  the  articles  of  agreement  to  carry  out  the  necessary 
insurance  functions,  this  authorization  taking  the  legal  form  of 
powrr-of -attorney  and  the  manager  of  these  associations  having  that 

title. 

The  articles  of  agreement  of  Reciprocal  Underwriters  provide 
f^  the  organization  and  the  conduct  of  the  association  and  contain 
the  following  essential  features: 
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1.  The  appointment  of  an  attorney-in-fact  with  power  to  transact 
insurance  in  behalf  of  the  signers  of  the  agreement. 

2.  Au  Advisory  Committee  formed  from  the  members  to  pass 
the  moral  and  financial  responsibility  of  applicants,  and  to  act 

trustees  of  the  subscribers'  moneys  and  securities. 

3.  The  establishment  of  an  Emeigency  Fund,  either  by  a  deposit 
or  by  the  accumulation  of  premiums,  to  which  the  subscribers  add 
the  amount  of  their  subscription  or  underwriting  agreement  on  any 
one   risk. 

4.  The  signing  of  an  agreement  by  the  members  that  they  will 
insure  other  members  for  a  specified  amount.  This  fixes  the  maximum 
liability  of  one  member  to  any  other  member. 

5.  Fixing  and  limiting  the  total  liability  of  subscribers  by 
the  terms  of  the  agreement. 

6.  The  payment  of  interest  on  the  money  paid  by  the  members 
into  the  Emergency  Fund  and  the  return  to  the  members  of  the 
surplus  money  accumulated  over  and  above  the  amount  of  the 
Emergency  Fund. 

7.  The  payment  of  premiums  by  membei-s  for  insurance 
on  their  own  pit>perty  at  current  Joint-Stock  Company  rates. 

8.  The  payment  of  the  attorney  on  a  pert^cntage  basis.  In 
the  practical  working  of  the  llecipn)ciil  UiMJerwriters  organizations, 
the  attorney  is  virtually  a  Fire  Insunince  Company  in  miniature. 
He  collects  the  premiums,  issues  the  jK>licies,  inspects  the  risks, 
pays  the  losses,  distributes  the  interest  and  surplus,  and  carries  out 
the  entire  transaction.  As  it  is  to  his  interest  and  advantage  to  main- 
tain and  develop  the  association,  he  also  st»curt»s  members  and  keeps 
the  organization  intact. 

There  are  very  few  Recipn)cal  Underwriters'  Organizations  in 
operation^  in  fact,  only  three  Report  to  the  New  York  Insurance 
Department,  one  of  which  is  locatcnl  in  Chicago.  As  their  operations, 
however,  cover  practically  the  entire  countiy,  a  brief  outline  of  their 
oi^nization  and  methods  is  worth  while. 

Individual  Underwriters 

This  organization  was  C6ta!)lishc(l  in  18S1  and  has  today  nearly  three- 
hundred  8ubscril)erH  or  memlx^ns.  'I'hc  amount  of  subscribers*  deposits  in 
1909  amounted  to  $431,255.57,  while  the  premium  income  for  1909  amounted 
to  $412,407.88. 
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Each  subscriber  makes  a  cash  deposit  with  the  Advisory  ComimttM 
equal  to  the  maximum  amount  for  which  he  is  willing  to  insure  any  building 
or  its  contents  belonging  to  the  other  subscribers.  This  amount  may  be 
$500,  $1,000,  $1,500,  $2,000,  as  the  subscriber  elects.  Interest  at  six  per  cent 
is  paid  on  the  Emergency  Fund  out  of  the  premium  income  from  membei% 
and  whatever  surplus  over  that  deposited  in  the  Emergency  Fund  is  alio 
paid  to  members. 

The  attorney  receives  15  per  cent  of  the  premimns  for  his  services  and 
all  expenses. 

Five  subscribers,  acting  as  an  Ad\nsory  Committee,  pass  on  applicanti^ 
act  as  trustees  of  the  moneys  and  securities,  and  have  the  authority  to  retire 
a  subscriber  who  becomes  irresponsible. 

The  classes  of  risks  insured  are  principally  dry  goods,  hardware,  boots 
and  shoes,  groceries,  goods  in  storage  warehouses,  clothing,  and  factories 
with  sprinkler  equipments. 

In  case  of  an  extensix'e  fire  involving  a  niunber  of  buildings,  the  policies 
provide  that  members  shall  be  responsible  for  ten  times  the  amount  of  their 
Emergency  Fund  Deposit  and  no  more. 

Reciprocal  Underwrlten 

This  organization  was  established  in  1891  and  has  three  hundred  sab- 
scribers.  The  premium  income  for  1909  was  $520,400.41.  Subscriben  ire 
not  required  to  make  an  initial  deposit,  but  the  premiums  paid  by  them  an 
held  in  trust  by  the  Ad>'i8ory  Committee  until  they  amount  to  $400,000,  wfaeo 
this  sum  is  used  as  an  Emergency  Fund.  If,  at  the  end  of  the  year,  there  ii  a 
surplus  over  this  $400,000,  it  is  paid  to  the  members.  The  conflagrttioo 
liability  is  limited  to  $20,000.  The  Advisory  Committee  passes  on  applicant! 
and  the  attorney-in-fact  receives  15  per  cent  of  the  premiums  for  his  servioei 
and  expenses. 

A  s|x;cial  feature  of  this  organization  is  that  members  who  have  build- 
ings of  large  area  can  insure  themselves  separately  and  independently  of  thb 
other  mcml>ers  who  have  buildings  of  a  different  nature.  This  large  ana 
segregation,  as  it  is  called,  amounts  to  a  Reciprocal  Insurance  Oiganizatioo. 
The  amount  of  insurance  is  fixed  at  $5,000  on  any  one  risk. 

Indemnity  Exchange 

This  orRanization  was  established  in  1892  by  members  of  the  beef  indus- 
try and  has  al^tut  three  hundred  members.  The  amount  of  initial  deposits 
in  VM)\)  was  S.VJ.Sim.ll.  The  premiums  for  1909  were  $176,297.49,  and  the 
amount  of  insurance  in  force  Dccenil>er  31,  1909,  was  $11,775,356. 

The  su!)scription  by  memlx?rs  is  $100,  where  a  single  property  is  covered, 
and  larger  amounts,  not  to  exceed  $500,  are  permitted  where  the  subscriber 
has  several  properties.  The  maximum  insurance  that  could  be  written  on 
any  one  risk  would  l)e  the  total  amount  of  the  member's  subscriptions.  The 
managers,  however,  have  limited  the  maximum  to  $50,000  on  any  one  prop- 
erty, and  this  maximum  is  written  only  on  sprinkler-equipped  risks. 

Dividends  to  memlx?rs  are  declared  at  the  rate  of  15  per  cent,  and  are  paid 
out  of  the  premiums;  in  addition,  members  may  withdraw,  at  the  end  of  each 
year,  all  funds  to  their  credit  in  excess  of  the  amoimt  of  their  subscription. 
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The  management  expenses  are  fixed  by  the  agreement  at  20  per  cent 
of  the  premiimi.  The  funds  paid  in  are  under  the  control  of  trustees  elected 
aimually,  who  sit  as  an  Advisory  Committee.  Bi-monthly  bulletins  are  sent 
to  the  members  and  applicants  may  be  elected  when  approved  by  all  of  the 


In  addition  to  these  three  Inter-Insurance  companies,  there  are 
three  other  organizations,  which,  while  practicing  Inter-Insurunce, 
do  it  under  the  form  of  Lloyds. 

LLOYDS  OR  INDIVIDUAL  INSURERS 

When  individuals  on  their  own  responsibility,  instead  of  as  com- 
panies or  associations,  furnish  Fire  Insurance  they  are  called  Indi- 
vidual Insurers  or  Lloyds,  a  term  whose  origin  is  an  interesting 
insurance  story. 

Late  in  the  17th  century,  a  group  of  persons  made  a  practice 
of  meeting  in  a  coflfee  house  kept  by  Thomas  Lloyd,  in  Tower  street, 
London,  England;  for  in  those  times  coffee  houses,  which  corre- 
spond to  the  clubs  of  today,  were  the  recognized  and  customary 
places  for  men  to  congregate. 

These  men  were  interested  in  ships  and  their  cargoes,  that  is, 
marine  business,  and,  as  the  many  dangers  of  the  sea  made  the 
insurance  of  ships  and  cargoes  a  veiy  necessary  thing  as  a  protection 
to  business  ventures,  it  became  the  custom,  therefore,  for  the  owners 
to  insure  one  another. 

What  they  did  was  really  Reciprocal  Insurance,  the  insurance 
being  made  by  owners  for  owners,  and  virtually  on  an  exchange  or 
reciprocity  basis.  Strictly  speaking,  the  transaction  was  not  insur- 
ance so  much  as  it  was  investment,  for  various  men  took  a  part  of 
the  investment  represented  by  the  ship  and  its  cargo,  and  agreed  to 
share  in  the  success  or  failure  of  the  voyage.  In  other  words,  a  man 
who  wanted  to  protect  himself  against  anticipated  loss  would  give 
other  men  a  part  interest  in  the  value  of  the  project,  and  on  the 
completion  of  the  voyage,  if  it  were  successful,  he  would  pay  a  por- 
tion of  the  proceeds  as  agi'eed,  and  if  it  were  a  failure,  they,  in  turn, 
would  pay  him  the  portion  that  they  had  accepted  as  their  venture. 

In  the  course  of  events,  this  investment  practice  grew  into  a 
more  strictly  insurance  transaction,  and  it  abo  came  about  tliat  the 
men  participating  in  it  changed  from  the  men  who  owned  ships  or 
cargoes,  to  men  who  had  no  ownership  or  interest  in  them,  but  who 
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furnished  insurance  on  them  for  a  certain  price  as  a  separate  and 
dLstinct  transaction.  In  other  words,  this  meant  the  origin  of 
Fire  Insurance  a^  a  special  business. 

These  men  meeting  at  Lloyd's  Coflfee  House  became  known 
as  Insurers  or  Un(len\Titers  at  Lloyds.  As  the  business  developed, 
the  men  participating  in  it  felt  the  need  of  an  orgaiiizatiou,  and 
they  fonutnl  a  society  or  association,  more  or  less  loosely  bound 
together,  which  in  time  moved  its  headquarters  from  Lloyd's  Coffee 
House  to  premisi\s  in  the  Royal  Exchange,  where  the  parent  oi^ganiza- 
tion  has  its  headquarters  today.  Following  the  Englishman's  reve^ 
enc*e  for  established  customs,  tlie  original  name  of  Lloyds  was  kept 
by  the  asscK-iation,  an<l  is  today  the  name  by  which  the  Individual 
Insjirers  an»  known  the  world  over. 

The  making  of  Insurance  at  Lloyd's  was  done  by  each  man 
signing  his  name  on  a  sheet  of  pap^T  opposite  the  amomit  for  whidi 
he  agretnl  to  insure.  This  paper  contained  the  terms  or  stipulations 
under  which  tlie  signers  bound  themselves,  and  began  with  or  con- 
taincnJ  the  words  **The  Underwriters."  This  has  resulted  in  the 
word  Undirwriter  being  used  to  designate  a  person  who  insures, 
and  Uftdrruriting,  to  designate  the  practice  or  business  of  insuring. 
If  simplified  language  is  ever  introduced  into  the  Insurance  business, 
it  will  rcMilt  in  the  use  of  Insurance  in  place  of  Underwriting,  Insurer 
in  plju'c  of  UiKlcrwritcr,  and  Individual  Insurer  in  place  of  IJods. 

Tills  original  group  of  Indi\idual  Insurers  has  developed  into 
a  famous  institution  of  international  importance.  It  is  today  known 
as  Lloyds,  London,  and  was  incorj>orated  by  Parliament  in  1871. 

Lloyds,  r/.v  a  group  of  insurers,  have  always  been  principally 
idcntific<l  with  marine  un(le^^vriting  and,  during  one  period,  had  a 
practical  monopoly  in  this  form  of  risk.  It  is  today  the  greatest 
marine  insurance  organization  the  world  has  ever  known.  Some  of 
its  nicnil)ci*s  practice  Fii*e  Insurance  as  wtII  as  insurance  against 
any  event  or  contingency  for  which  insurance  is  desired. 

Lloyds,  as  a  corporation,  doi\s  no  insurance.  It  is  governed 
by  a  committee  and  sim))ly  pn^vides  facilities  for  its  members  to  do 
business,  such  facilities  hein^;  principally  a  headquarters  or  exchange 
and  the  collection  of  special  information  conceniing  vessels.  It  b 
really  a  ^reat  market  for  insunuice,  and  so  long  as  the  members 
conform  to  the  rules  of  the  society  or  corporation,  they  are  allowed 
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to  follow  their  own  views  in  the  matter  of  doing  business.  Applicants 
for  membership  at  Lloyds  must  have  satisfactory  financial  standing 
and,  in  addition,  each  must  deposit  with  the  conmiittee  a  sum  of  not 
less  than  $25,000,  which  is  in  the  nature  of  a  guarantee  that  he 
will  fulfill  his  business  contracts. 

In  the  practical  working  of  Fire  Insurance  at  Lloyds,  London, 
each  underwriter  or  Individual  Insurer  signs  a  policy  for  the  amount 
that  he  insures.  Groups  or  syndicates  composed  of  a  limited  number 
of  individuals  will  furnish  insurance  by  designating  one  active  Under- 
writer as  their  agent.  The  liability  of  the  insurers,  however,  is  in- 
dividual and  not  joint,  so  that  any  suit  or  action  to  recover  must 
be  laid  against  each  Individual  Underwriter. 

Lloyds,  London,  and  Lloyds  in  the  United  States  should  be 
clearly  differentiated,  for  in  the  United  States,  the  word  has  been 
used  as  the  trading  name  of  an  association  or  partnership,  whose 
history  and  practices  have  been  such  us  to  discredit  the  name  and 
give  this  type  of  insurance  the  reputation  of  being  unreliable. 

The  first  Lloyds,  having  its  home  oflSce  in  New  York,  was 
organized  in  1866.  It  had  one  hundred  Underwriters  and  each 
Underwriter  deposited  $1,000  with  an  Advisory  Conunittee,  thus 
making  a  total  Initial  Deposit  or  Safety  Fund  of  $100,000.  From 
1866  to  1892,  stimulated  by  the  success  of  the  early  companies  and 
by  the  fact  that  they  were  not  subject  to  the  provisions  of  the  laws 
applicable  to  Stock  Fire  Insurance  Companies,  a  considerable  num- 
ber of  Lloyds  associations  started  business.  Some  of  these  had  a 
very  limited  financial  responsibility  and  few  adopted  the  safeguards 
which  are  characteristic  of  Lloyds,  London.  Since  1892,  however, 
the  insurance  laws  of  New  York  State  have  been  re\dsed  and  a  svs- 
tematic  effort  made  by  the  authorities  to  prevent  irresponsible  Lloyds 
from  doing  business.  The  laws  at  present  give  the  State  Superin- 
tendent of  Insurance  supervision  over  such  associations.  This  has 
not  only  resulted  in  keeping  check  on  the  operation  of  the  irresponsi- 
ble Lloyds,  but  has  tended  to  protect  the  Lloyds  that  are  being 
honestly  and  properly  conducted  from  the  evil  reputation  which  has 
been  given  to  this  class  of  Insurers. 

The  Lloyds  that  are  operating  in  New  York  State  have  the 
following  general  features  of  organization:  an  attorney-in-fact;  a 
number  of  Underwriters  who  assume  a  stated  liability;  a  deposit 
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fund;  a  yearly  declaration  of  profits;  an  Advisoiy  Committee; 
of  association  filed  with  the  State  Superintendent  of  Insurance;  ind 
an  annual  financial  statement  filed  with  the  State  Superintendent  of 
Insurance. 

In  addition  to  the  Lloyds  associations,  which  transact  lire  InsQ^ 
ance  on  the  basis  of  profit,  there  are  three  associations  which  are 
o{)erated  under  the  form  of  organization  of  Lloyds^  but  are  in  reality 
Intcr-Insurcrs  because  their  transactions  are  confined  entirely  to 
their  own  members.  One  of  these  organizations  is  composed  of  the 
owners  of  confectionery  stores  in  New  York  City,  while  the  other 
two  are  compased  of  owners  of  large  dry  goods  and  mercantile  estib- 
lishments. 

MEFHODS  AND  ORQANIZATION  OF  COMPANIES 

STOCK  FIRB  INSURANCE  COMPANY 

In  the  conduct  of  a  Stock  Fire  Insurance  Company,  as  already 
stated,  it  is  usual  for  the  directors  to  concern  themselves  diiefly 
with  the  financial  or  banking  department  of  the  company's  business, 
leaving  technical  matters  connected  with  the  insuring  of  property 
to  the  ofiicers  of  the  company  and  their  assistants. 

The  president  and  other  officers  exercise  a  general  control  over 
all  the  departments  of  the  company,  decide  upon  the  general  policy, 
the  mothiKis  to  be  uscxl ,  and  the  amount  for  which  liability  may  be 
assumal  on  different  kinds  of  risks.  Tliey  also  lay  out  the  plan  of 
campaign  which  is  to  be  executed  by  the  department  managers 
through  their  sjxHMal  and  local  agents.  In  the  case  of  those  companies 
which  do  not  make  use  of  separate  departments  or  general  agencies 
located  in  dilFonMit  parts  of  the  countrj',  it  is  customary  to  provide 
a  larger  staff  than  usual  at  the  head  office,  the  junior  officers  pe^ 
forming  the  duties  usually  devolving  upon  the  department  managers. 

Departments.  It  is  the  usual  practice  to  divide  the  country  into 
districts  or  departments,  with  one  or  more  officers  at  the  head  of 
each  division,  although  these  departments  are  in  some  cases  under 
the  immediate  supenision  of  the  chief  executive  and  directed  from 
the  head  office  of  the  company.  The  majority  of  companies  estab- 
lish a  department  in  each  of  several  large  cities  and  include  in  that 
district  the  States  naturallv  tributarv  to  the  citv  wliich  has  been 
selected.    These  departments,  are  as  a  rule,  called  genend  agencir^, 
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and  the  officer  in  chaige  the  Oeneral  Agent.  Cities  usually  selected 
for  the  departments  are  New  York,  Chicago,  San  Francisco,  and  to 
a  smaller  extent,  Boston,  Philadeipliia,  Atlanta,  New  Orleans,  and 
one  or  two  others. 

Local  Agents.  These  general  agencies  are  intended  to  thor- 
oughly work  the  territory  under  their  jurisdiction  according  to  the 
general  scheme  of  operations  adopted  by  tlie  company,  securing 
business  by  means  of  agents  residing  in  the  various  towns  and  villages 
where  the  company  wishes  to  operate.  These  men — called  local 
agents — are  the  means  by  which  the  company  comes  into  direct 
contact  with  the  insuring  public,  and  from  whom  the  business  on 
which  it  feeds  is  secured. 

The  departments  or  general  agencies  keep  in  touch  with  the 
local  agents  by  means  of  special  agents,  who  travel  constantly  over 
the  field  to  which  they  are  assigned,  locating  agencies  at  all  available 
points  and  carefully  inspecting  and  securing  accurate  information 
concerning  all  the  risks  which  the  company  insures.  As  the  local 
agents  are  a  factor  of  supreme  importance  to  the  business,  it  is  the 
endeavor  of  the  companies  to  maintain  cordial  and  friendly  relations 
with  them,  the  special  agents  having  not  only  the  duty  of  properly 
supervising  the  business  of  the  local  agents,  but  also  of  making  the 
company  popular  with  them.  They  establish  new  agencies,  discon- 
tinue unsatisfactory  ones,  collect  overdue  payments,  arrange  with  claim- 
ants for  settlement  and  payment  of  losses  and,  in  general,  do  every- 
thing to  further  the  interests  of  the  company  in  every  legitimate  way. 

Each  local  agent  is  equipped  by  the  company  with  the  various 
books  of  record,  blank  unsigned  policies,  and  other  supplies  neces- 
sary for  the  transaction  of  the  business.  When  he  secures  a  contract 
from  a  property  owner,  he  fills  out,  execoites,  and  delivers  the  policy 
and  as  soon  as  possible  thereafter  makes  an  abstract  of  the  contract. 
This  ab<«tract  contains  a  full  description  of  the  property  and  all  the 
details  of  the  contract  and  is  made  out  on  a  special  blank  provided 
for  the  purpose  called  a  daily  report.  This  report  is  at  once  mailed 
to  the  department  or  general  office  which  has  jurisdiction  over  the 
territory  in  which  the  agent  is  working,  and,  at  the  end  of  each  month, 
an  account  or  statement  of  all  the  contracts  made  during  the  month 
is  sent  by  the  agent  to  the  same  department  office,  accompanied  or 
followed  by  a  remittance  for  the  premiums  collected 
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The  local  agent  is  compensated  in  cash — ^usually  15  per  cent 
of  the  amount  of  pn^niiiims  secnrwl  or  renewed  by  him.  He  is  ex- 
pected and  n.*(|iiired  to  protect  the  interests  of  the  company  he  rep- 
resents by  carefully  selecting  <lesinible  business  and  by  obeying  their 
instructions  in  all  matters.  The  business  secured  by  the  local  agents 
— that  is,  the  risks  insuntl  and  the  policies  written — is  under  strict 
supemsion  of  the  <lepartinent  or  giMicml  office. 

Examiners.  I'hc  daily  n*[)orts  fn>m  agents  are  carefully  in- 
spe<'t«l  and  reviewcil  by  vxaminrr^t.  The  duties  of  the  examiner  are 
extremely  iiiiiH)rt;iiit;  he  must  hiive  a  clear  head,  cool  peR'eptions, 
careful  judgment,  and  a  ver}'  considerable  knowledge  acquired  by 
expc*rien(*e.  He  must  have  iiii  intimate  aa|uaintance  with  the 
hazanls  usually  incident  to  various  kinds  of  property,  as  well  as  a 
familiaritv  with  the  c*onditions  of  a  <Iistrict  or  town  where  the  risb 
art*  located. 

In  judging  a  risk,  the  examiner  considers  the  character  of  the 
ownership,the  nature  of  the  inherent  and  adjacent  or  exposing  hazards 
due  to  the  various  occupants  in  the  vicinity,  the  amount  and  quality  of 
the  protecti(m  agjiinst  fire,  the  reconi  of  the  locality  as  to  fires,  the 
rate,  an<l  numerous  other  factors  affei*ting  the  desirability  of  the  rist 
The  jxJicies  issiunl  by  the  hx'al  agents  are  carefully  examined  and 
reviewitl  and  if  the  woniing  of  the  contract — that  is,  the  "form"— is 
found  to  Ik'  faulty,  if  the  nite  is  too  low,  or  anv  other  error  exists 
tlu*  examiners  are  ex|XM*t(»<l  to  discover  it  and  notify  the  l(X*al  agent 
to  niak(*  the  necessary  changes;  or,  if  the  property  insured  is  consid- 
chhI  undesirable*,  the  I(K*al  agent  is  notifierl  to  cancel  or  tenninate 
the  insuranet*. 

To  facilitate  tlie  woik  of  the  examiners,  they  are  supplied  by 
the  department  or  genend  agency  with  mapff  showing  the  constru^ 
tion  of  every  building  in  thi^  business  districts  of  all  towns  of  impo> 
tanre.  They  have  also  personal  reports  indicating  the  financial  stand- 
ing and  the  business  records  of  all  merchants  and  manufacturers; 
inspection  reports  of  important  risks  made  by  special  agents  and 
inspectors;  and  various  tables,  books  of  reference,  and  rules  as  an 
aid  in  passing  judgment  upon  the  daily  reports  which  are  sent  in 
by  the  local  aii:ents. 

Reports.  The  monthly  accounts  or  statements  made  by  local 
agents  are  carefully  gone  over  by  auditors  or  bookkeepers,  and  when 
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the  work  of  examining  or  auditing  is  finished,  the  daity  reports  and 
accounts  pjujs  into  the  hands  of  a  large  force  of  clerks,  who  make 
up  from  them  the  elaborate  records  and  statistics  which  the  insurance 
companies  are  required  to  keep,  partly  for  their  own  use  or  guidance 
and  partly  to  comply  with  the  laws  of  the  diflFerent  States. 

At  the  end  of  the  year  the  transactions  of  the  different  depart- 
ment offices  are  forwarded  to  the  head  office  of  the  company,  where 
all  the  figures  are  combined  with  a  detailed  list  of  the  assets  and 
liabilities  of  the  company  and  with  other  particulars  affecting  its 
business  and  financial  conditions  to  fonn  the  annual  statement. 

The  atmual  statement  also  shows  two  general  items  of  income 
and  two  of  outgo.  The  income  arises  from  th^  premiums  and  the 
interest  on  investments.  The  outgo  arises  from  ^the  losses  and  the 
expenses. 

The  loss  ratio  is  the  percentage  of  the  annual  premiums  which 
is  required  to  pay  losses.  In  well-managed  companies  this  percentage 
ranges  from  45  per  cent  to  65  per  cent  according  to  the  losses  for  the 
year.  It  almost  never  falls  below  45  per  cent — ^a  figure  which  indicates 
an  abnormal  profit — and  it  frequently  reaches  65  per  cent  or  even 
higher;  the  latter  figure  is  close  to  the  danger  line  and  when  reached 
usually  means  a  net  loss  on  the  year's  business. 

The  Expense  ratio  may  be  divided  roughly  as  follows: 

Commissions  to  agents 20  per  cent 

Salaries  and  expenses  of  special  agents,  adjust- 
ers, and  inspectors 4 J  per  cent 

Taxes 2J  per  cent 

Maintenance  of  departments  and  head  offices, 

including  salaries  and  other  expenses 13  per  cent 

MUTUAL  FIRB  INSURANCE  COMPANIES 

Mutual  Fire  Insurance  Companies  may  be  divided  into  three 
classes  according  to  their  size  and  operations:  (1)  local,  county,  or 
town  mutuals;  (2)  state  or  general  mutuals;  and  (3)  manufucturers' 
or  factory  mutuals. 

Local  or  County  Mutuals.  The  local  or  county  Mutual  Fire 
Insurance  Companies  are  by  far  the  mast  numerous  of  any  class 
of  companies  in  the  United  States,  their  number  being  approximately 
1,500,  of  which  125  are  in  New  York  State  alone.  Usually  their 
operations  are  limited  to  a  non-hazardous  class,  such  as  farm  prop- 
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erty,  dwellings,  churches,  and  stores  in  a  given  and  limited 

like  a  town  or  county,  although  in  New  York  State  a  local  Mutual 

Com{)any  may  operate  throughout  five  counties. 

In  order  to  start  such  a  company,  applications — t.  e.,  promises 
for  a  stated  amount  of  insurance,  usually  somewhere  between  $50,000 
and  $200,000—  must  he  already  on  file  and  a  portion  of  the  premiums 
tliert'for — generally  25  per  cent — paid  in  advance  in  cash. 

^^^len  the  necessary  applications  are  secured,  the  men  who  are 
organizing  the  conipuny  obtain  from  the  State  authorities  the  pn^ 
pa{K*rs  of  iiicorfx)ration,  and  then  hold  a  meeting  of  the  applicaots 
or  meml>ers  and  elect  officers. 

Business  is  then  begun  by  issuing  policies  of  the  company  to  the 
original  applicants  and  any  of  their  friends  who  may  be  induced 
to  join  them,  for  it  is  an  important  point  to  have  a  considerable  num- 
ber of  policy-holders  among  whom  the  losses  may  be  divided.  The 
applications  for  insurance  are  usually  passed  upon  in  respect  to 
valuations,  desirability,  etc.,  by  an  executive  conunittee  or  Boaid 
of  Directors,  and  if  they  are  approved,  policies  are  issued  by  the 
Secretar}*  and  papers  are  signed  by  one  or  two  members  of  the 
committee. 

Policies  are  issued  on  the  payment  of  a  small  sum  in  cash  equal 
to  about  one-fourth  the  price  commonly  charged  by  Joint-Stock  Fiie 
Insurana»  Companies,  and,  in  addition,  a  note  is  given  by  the  mem- 
ber for  an  amount  ec|ual  to  three  or  four  times  the  cash  payment 
Those  notes  are  subject  to  call,  if  the  needs  of  the  company  so  require. 
The  {X)licies  are  usually  issued  for  a  term  of  five  years. 

Each  jK)licy-hokler  is  liable  for  the  losses  of  tlie  company  accord- 
ing to  the  articles  of  agreement  or  incorporation,  or  according  to 
the  by-laws  of  the  particular  company  in  which  he  is  insured,  the 
limit  of  liability  usually  being  stated  in  the  policy.  Sometimes  the 
policy-holder  is  liable  for  his  fractional  share  of  any  or  all  liabilities 
which  may  come  to  the  company,  but  this  liability  is  more  often 
limited  to  a  stated  percentage  of  the  amount  of  insurance  the  individual 
carries,  or  the  same  multiple  of  the  amount  for  which  he  has  given 
premium  notes. 

In  most  cases  all  the  work  of  the  company  is  done  by  the  secre- 
tary, who  is  very  likely  the  village  postmaster,  storekeeper,  or  bank 
cashier,  and  who  receives  either  a  fee  for  each  policy  issued,  or  a 
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TC^Iar  salary.  As  the  Executive  Committee  and  all  the  applicants 
and  members  are  neighbors  or  acquaintances,  the  personal  and 
financial  qualifications  of  every  applicant  as  well  as  the  value  and 
condition  of  his  property  are  well-known,  a  fact  which  reduces  die 
danger  from  dishonest  losses  or  over-valuation  to  a  minimum.  No 
man  with  a  poor  reputation  can  secure  insurance  in  one  of  these  in- 
stitutions if  it  is  properly  conducted;  and  moreover,  every  policy- 
holder is  constantly  under  the  eye  of  his  neighbors,  many  of  whom 
are  members  of  the  same  company,  so  that  the  opportunities  for  a 
successful  commission  of  fraud  are  not  many. 

These  companies,  even  when  wisely  and  honestly  managed, 
.succeed  or  fail  according  to  the  burning-record  of  the  district  in 
which  they  operate.  A  few  heavy  losses  in  the  early  years  of  their 
existence  usually  end  them,  as  fanners  and  villagers  quickly  tire  of 
assessments.  On  the  other  hand,  m  districts  which  have  favorable 
fire  records,  these  little  companies  live  and  prosper  for  years.  Often 
they  accumulate  assets  of  considerable  value  and  in  such  cases 
furnish  indemnity  to  their  members  at  a  very  low  cost.  They  can 
be  very  economically  operated,  because  they  have  no  expenses  of 
any  kind  save  the  payment  of  the  secretary  and  the  cost  of  their 
supplies;  they  are  also  free  from  the  burden  of  taxation  which  rests 
on  Joint-Stock  Fire  Insurance  Companies.  Their  strength  and  their 
weakness  alike  are  largely  due  to  the  fact  that  they  transact  business 
in  a  very  limited  field,  where  every  risk  is  known  and  watched, 
but  where  comparatively  few  losses  make  insurance  very  costly, 
owing  to  the  limited  number  of  those  among  whom  the  losses  are 
distributed. 

State  Mutuak.  The  State  Mutual  Fire  Insurance  Companies 
are  distinguished  from  the  Local  Mutuals  in  that  they  do  a  general 
business  throughout  one  or  more  States.  In  organizing  these  com- 
panies, the  various  State  laws  require  applications  for  a  very  large 
amount,  ^/\^sconsin,  for  instance,  setting  the  figure  at  $750,000.  In 
some  States  the  classes  of  business  which  these  State  Mutuals  may 
write  are  limited  by  law;  in  others,  the  maximum  liability  which 
may  be  assumed  in  any  one  risk  is  also  fixed.  The  Wisconsin  Fire 
Insurance  Law  is  remarkable  in  that  it  provides  specifically  for  five 
kinds  of  Mutual  Companies,  which  may  transact  business  over  an 
extended  territory.     Among  them  are  companies  formed  by  retail 
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himb(T  (leailcrs,  huitlwure  dealers,  church  societies,  and  the  treasurers 
of  county  insane  asyhinis  and  poorhouses. 

"ITicsc  general  or  State  Mutuals  have  on  the  whole  not  been 
succrssful,  for  onlinarily  they  <lo  not  have  sufficiently  strong  assets 
an<l  they  cannot  mm-ufc  business  in  districts  remote  from  their  place 
of  orjjaniziition,  except  by  piving  dangerously  low  rates.  TTicy 
an'  also  <()iniK'lk*d  to  <lclegate  to  agents  or  others  the  power  of  select- 
ing risks  an<i  do  not  always  get  the  bi*st  senice;  furthermore,  those 
who  o|M'nite  the  company  arc  without  the  incentive  of  profit,  which 
is  a  most  imiMirtant  fact(»r. 

Such  companies  commonly  do  not  possess  and  cannot  acquire 
the  com|M'tent  staff,  the  complete  organization,  and  the  concentrative 
authority  necessiiry  for  the  successful  prosecution  of  a  general  busi- 
ness under  comjx'titivc  comlitions  throughout  a  wide  territoiy. 
When  Mi<h  j>owers  are  given  to  an  official  of  a  Mutual  company,  the 
trust  is  t(M)  often  abused.  So  long  as  the  business  grows  rapidly, 
the  heavy  assessments  an*  avoidwl — the  loss  ratios  on  a  rapidly 
gn)wing  basinets  an'  natundly  small — the  members  are  not  likely 
to  interest  themseKes  in  the  mcth(xls  pursued,  and  by  the  time 
the  assessments  U'come  heavy,  it  is  usually  too  late  to  apply  a 
n"iiie<lv. 

« 

Manufacturers'  .Mutual  Companies.    Thesi»  companies  are  by 

far  the  most  iinpnrtihit  of  tlir  Mutual  companies.  They  have  a  great 
ihilneiice  on  V'\rr  Insurance  companies  in  gcnenil,  because  of  their 
nH'thtnls  of  (iraliiii:  with  the  fin*  loss.  They  wen»,  in  fact,  primarily 
devixil  for  the  pnventioii  of  loss  by  lin-,  with  th(?  payment  of  indem- 
nitv  for  losM's  sustained  as  a  seeoiidarv  matter.  Thev  owe  their 
existence  to  the  fact  that  cotton  an<l  w<H)len  manufacturers  sought 
t(»  improve  their  property,  so  as  to  nnluee  the  number  and  the  amount 
of  losses,  and,  thcrefon*,  to  retluce  the  cost  of  insurance. 

The  lirst  of  these  companies  was  oi-ganized  in  1S35  by  Ziichariah 
Allen  in  Providence,  UhcKh*  Island,  and  was  called  the  Providence 
^lamifacturcrs*  Mutual  Company.  hi  LS50  there  were  three  of 
these  companies  and  in  ISf)!)  the  ninnber  had  increased  to  seven. 
There  are  now  eighteen  such  cMimpanies  in  active  operation  in  Rhode 
Island  and  Mas.MiChnsetts,  and  several  more  in  Pennsylvania  and 
other  parts  of  the  countr}-.  These  companies  are  carrj'ing  insurance 
amountin<:  to  over  SI  ,(HMl,t)(K),()(K)  on  factorj'  property. 
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From  the  outset,  these  companies  have  endeavored,  first,  to 
ascertain  and  eliminate  the  causes  of  fire,  and  second,  to  provide 
such  ample  protection  that  any  fire  which  might  occur  would  be 
extinguished  with  but  slight  loss.  Their  success  has  been  ascribed 
to  the  following  principle:  The  only  'persons  who  can  prevent  loss 
by  fire  are  the  owners  or  occupants  of  the  insured  premises.  Upon 
them  rests  the  responsibility  for  heavy  loss,  if  any  occurs,  in  nearly 
every  fire.  All  that  the  insurance  company  can  do  is  to  pay  indemnity 
for  loss  which,  if  large ,  in  nine  cases  out  of  ten,  is  dne  to  the  lack  of 
apparatus  for  preventing  loss  or  to  the  lack  of  care  and  order  in  the 
conduct  of  the  work. 

In  their  eflforts  to  ascertain  and  to  eliminate  the  causes  of  fire, 
these  companies  have  investigated  and  endeavored  to  safeguard  all 
processes  used  in  manufacture;  they  have  investigated  methods  of 
illuminating,  heating,  and  lubricating;  they  have  devised  elaborate 
plans  for  the  safe  construction  and  arrangement  of  factories;  and 
finally,  they  have  tested  and  applied  the  most  modem  and  approved 
apparatus  for  extinguisliing  fires. 

Moreover,  when  a  factory  comes  into  the  membership  of  a 
Manufacturers'  Mutual  company,  that  company  not  only  sees  to 
it  that  in  all  respects  the  factory  conditions  are  brought  up  to  the 
proper  requirements,  but,  by  frequent  inspection,  secures  the  con- 
stant maintenance  of  such  conditions.  Such  companies  are,  indeed, 
hardly  to  be  called  insurance  companies  at  all,  but  rather  fire  pre- 
vention  companies — ^associations  of  manufacturers  with  experienced 
inspectors  and  engineers  whose  work  it  is  to  eliminate  the  possibility 
of  loss  or  serious  damage  by  fire.  The  insurance  feature  only  comes 
into  play  when,  despite  their  precautions,  a  damage  is  incurred. 
It  will  be  realized  that,  though  the  number  of  fires  and  the  loss  result- 
ing therefrom  have  been  very  greatly  reduced  by  these  methods,  a 
large  ex|)enditure  is  necessary  to  construct,  arrange,  and  equip  a 
factory  in  such  a  way  as  to  bring  it  up  to  the  standard  of  their  require- 
ments. 

Their  insurance  method  is  to  charge  a  cash  premium,  based 
upon  the  class  of  work  done,  the  construction  of  the  building  in  cjues- 
tion,  and  the  extent  and  efficiency  of  the  apparatus  for  extinguishing 
fires.  No  factory  can  secure  the  protection  of  this  system,  unless  in 
respect  to  all  these  matters,  it  comes  up  to  a  prescribed  standard  of 
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excellence.  In  addition  to  this  cash  payment,  a  liability  for  assess- 
ments equal  to  five  times  the  cash  premiums  is  assumed  by  thepdicj- 
hokler.  As  a  matter  of  fact,  however,  since  1850  no  assessment  hu 
been  found  necessary'  by  any  of  the  New  England  companies.  On 
the  other  hand,  the  cash  premiums  have  not  only  paid  the  losses  and 
expenses,  but  have  enabled  a  division  of  profits  to  be  made  at  the  dose 
of  each  year.  In  this  way  the  actual  cost  of  indemnity  b  reduced  to 
a  small  amount. 

FIRE  INSURANCE  ASSOCIATIONS 

Fire  Insurance  is  a  transaction  so  complex  and  far-reaching  that 
in  its  development  there  have  been  produced  a  number  of  oiganiza- 
tions  with  (|uit(»  different  purposes  and  activities.  The  expenence 
of  the  various  individual  companies  has  resulted  in  certain  combiiui- 
tions,  particularly  for  the  support  and  maintenance  of  oiganizatioDS 
whose  duty  it  is  to  perform  specific  functions  that  are  necessary  for 
the  business,  but  which  could  not  be  economically  performed  by 
the  several  companies  themselves.  These  organizations  may  be 
classed  as  follows:  Underwriting;  Inspection;  Rating;  Engineering; 
and  Salvage. 

Underwriting.  The  underwriting  oiganizations  are  formed  for 
the  discussion  of  underwriting  ethics;  the  maintenance  of  statistical 
data;  the  disseuiiniition  of  infonnation;  the  promotion  of  uniform 
Hiles  of  practice;  the  passage  of  proper  laws;  the  prevention  of  incen- 
diarism; and  in  g<Mjeral,  the  improvement  of  Fire  Insurance  as  a 
business,  as  well  iis  the  making  of  underwriting  intelligent,  scientific, 
and  reliable. 

Inspection.  The  insjxiction  organizations  are  formed  for  pu^ 
poses  of  economy  and  efficiency.  The  inspection  of  a  risk  by  a  board 
or  bureau,  openiting  in  behalf  of  a  number  of  companies,  gives  to 
all  its  members,  the  n\sults  of  its  investigations,  so  that  they  in  many 
cases  can  dispense  with  an  insi)ection  made  by  their  own  employes. 
In  addition  to  this,  the  concentration  of  the  work  of  the  inspectors 
in  their  particular  field  develops  better  experts  and,  therefore,  gives 
the  companies  more  efficient  service  than  they  indi\ddually  might 
be  able  to  secure. 

Rating.    The  rating  organizations  are  formed  for  the  purpose 
of  making  a  single  or  uniform  rate,  which  may  be  used  by  a  number 
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of  the  companies.  Such  an  organization  makes  for  economy,  because 
a  rate  can  be  made  for  a  number  of  companies  at  about  the  same 
cost  as  for  each  individual  company.  It  also  provides  uniform  rates, 
thus  doing  away  with  unwholesome  competition  among  the  com- 
panies that  would  put  the  price  of  insurance  below  its  proper  cost, 
and  would  thereby  reduce  the  income  of  the  companies  below  the 
standard  necessary  to  maintain  them  in  a  sound  financial  condition. 

Engineering.  The  engineering  organizations  have  been  created 
because  it  has  been  found,  as  a  matter  of  experience,  that  with  only 
ordinary  precautions  the  number  and  extent  of  fires  result  in  financial 
losses  beyond  the  ability  of  Fire  Insurance  to  replace.  It  is  their 
purpose  to  reduce  the  fire  loss  by  the  application  of  preventive 
measures  and  by  the  more  active  use  of  protective  or  extinguishing 
measures. 

Salvage*  The  salvage  oiganizations  are  maintained  in  the  large 
cities  by  insurance  companies  for  the  purpose  of  reducing  damage 
at  fires.  They  consist  of  bodies  of  uniformed  men  called  the  salvage 
corps  or  fire  patrol,  who  supplement  the  work  of  the  Fire  Department 
by  assisting  in  extinguishing  fires  whenever  possible,  but  whose  prin- 
cipal duties  are  to  prevent  water  damage  by  spreading  water-proof 
covers  over  property  which  is  in  danger  of  being  wet,  and  to  watch 
the  property  affected  by  the  fire  until  the  loss  has  been  adjusted. 

NATIONAL  BOARD  OP  FIRE  UNDERWRITERS 

The  National  Board  of  Fire  Underwriters  is  the  largest  organiza- 
tion of  companies  known  to  the  insurance  world.  Its  headquarters 
are  in  New  York  City,  but  its  membership  comprises  practically  all 
the  companies  doing  a  general  Fire  Insurance  business  throughout 
the  United  States,  its  membership  on  May  1st,  1910,  being  one 
hundred  and  seventeen  companies. 

Committees.  The  function  of  the  Board  is  advisory  but  through 
its  conunittees,  a  few  of  which  are  mentioned  below,  it  does  a  num- 
ber of  important  things. 

Laws.  The  committee  on  laws  works  to  secure  laws  and  regula- 
tions which  will  give  the  proper  stability  and  solidity  to  Fire  Insur- 
ance capital,  and  to  protect  the  institution  against  oppressive  legis- 
lation. It  acts  only  where  a  principle  of  wide  application  is  involved 
or  where  practically  the  entire  membership  of  the  board  is  concerned. 
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Incendiarism  and  Arson.  The  committee  on  incendiaiism 
and  arson  offers  rewards  for  the  arrest  and  punishment  of  criminib 
guilty  of  these  crimes.  Since  1873,  5,975  rewards  have  been  offend 
aggregating  $1,982,225,  which  have  resulted  in  392  oonvicti(ms  and 
the  payment  of  277  rewards  amounting  to  $83,719. 

tStiitisticJt  and  Origin  of  Fires.  The  conmiittee  on  statisdo 
and  origin  of  fires  prepares  a  number  of  tables  showing  the  extent 
and  character  of  the  Fire  Insurance  business.  Tables  of  risb 
written,  premiums,  ami  losses,  give  for  the  period  from  1860  to  1909: 

Amount   of   risks  camc<l   h\  Fire   In- 

surance  com|>:inios So89.:)00, 134,475. 00 

I»remiunis  recfiviMl 4,839,973.433.00 

Losses  paid 2,832,997,641 .00 

These  figiirc\s  t'stiibli.sh  the  following  ratios: 

Ratio  of  los.ses  to  SIOO.OO  of  premiums..  58.53 
Ratio  of  losses  to  $100.00  of  insurance.  .  .4807 

.\ mount  of  insurance  on  risks  to  SI. 00 

of  loss 208.01 

Tables  of  ri.sks  written  and  premiums  char^^l  show  that  from 
1S71  to  Um  indu.Mve: 

Insiiranrc*  written  amounted  to STkVJ .970,000,390  00 

IVcmiums  clunjird  ainountrd  to    .'),.S7i>,0/)0,037.00 

K'Aio    of    prciiiiiiin^    rhar^cd    on    v.xvU 

'<1(MKM)  (if  inMir:m(«'  w.is 1  .Wi2G 

Tabic  of  expenses  sliows  that  from  \Si]()  to  HK)0: 

Proniiunis  written  woro $.'>,079.:U7.:J09.00 

KxiK'iisos  wvvo 1.S.TJ .097.248. 00 

(living  a  ratio  of 36.07 

Table  of  commis.sitms  shows  that  from  1S()0  to  19(K): 

Commissions  amounted  to $955,107,769.00 

With  a  ratio  to  SllM).(M)  of  premium  re- 
ceipts of 18.80 

Th<^  table  of  annual  fin*  Uxsses  gives  figures  for  the  thirty- 
four  vears  from  1S75  to  \\M),  and  other  tables  show  the  taxation 
of  Fin*  Insurance  companies,  the  average  rate  of  premium  and  loss 
by  States,  the  busin<\ss  by  term.*?,  and  the  amounts  of  outstamling 
risks  at  the  end  of  each  year. 
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Fire  Prevention.  The  committee  on  iBre  preyention  maintains 
a  corps  of  inspectors  and  engineers,  who  visit  the  various  cities 
and  towns  of  the  country  and  make  the  reports  covering  the  fire 
conditions  of  the  localities.  These  reports  cover  the  city  or  locality 
as  a  general  Fire  Insurance  proposition  and  take  up  in  detail  the 
efficiency  of  the  water  supply,  the  fire  department,  the  fire  depart- 
ment auxiliaries,  the  fire-alarm  system,  the  building  department, 
explosives  and  inflammables,  electricity  and  conflagration  hazards. 
Specific  recommendations  for  the  improvement  of  these  departments 
are  made  to  the  municipal  authorities  and  co-operation  is  sought 
from  business  organizations  to  have  them  carried  into  effect. 

Heating,  Lighting,  and  Patents.  The  committee  on  heating, 
lighting,  and  patents,  have  duties  in  conjunction  with  conunittees 
and  associations  hereafter  mentioned. 

Consulting  Engineers.  The  committee  of  consulting  engineers 
considers  processes  relating  to  heating  hazards,  other  than  elec- 
tricitj',  and  has  drafted  rules  covering  the  more  important  hazards 
made  by  gas  and  gasoline  lighting  systems. 

National  Fire  Proiedicn  Asscciaticn.  The  National  Fire  Pro- 
tection Association  was  organize*!  in  1896,  its  object  being  to  bring 
together  various  associations  and  bureaus  interested  in  and  encourag- 
ing better  building  construction  and  the  best  and  most  approved 
fire-fighting  apparatus,  particular  attention  being  given  to  automatic 
sprinklers,  a  form  of  protection  which,  for  all  practical  purposes,  was 
at  that  time  almost  unknown  to  stock  underwriters. 

Its  present  membership  consists  practically  of  all  rating  organiza- 
tions, associations,  and  bureaus,  located  in  the  United  States  and 
the  Dominion  of  Canada,  interested  in  the  introduction  and  en- 
couragement of  conditions  effecting  and  materially  reducing  the 
destruction  of  property  by  fire. 

The  Association  has  a  large  list  of  associate  members,  who  are 
located  in  neariy  every  part  of  the  civilized  world  and  who  con- 
tribute to  its  support  and  receive  its  publications.  The  Secretary 
of  the  Association  also  publishes  a  quarterly  bulletin  of  Fire 
Hazards. 

The  National  Fire  Protection  Association  has  prepared  rules, 
requirements,  and  specifications  on  the  following  subjects  which  are 
distributed  in  pamphlet  form  as  part  of  the  work  of  this  committee: 
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LIST  OF  RULES,  REQUIREMENTS,  AND  SPECIFICATIONS 

Acetylene  gais  machines  and  storage  of  calcium  carbide 

Coal-ga»>producere 

Fire  Department — private — suggestions  and  organizing 

Fire  doors  and  shutters 

Fire  extingui^^hers,  chemical,  for  other  than  fire  department  use 

Fuel  oil,  storage  and  use 

GaM  and  gasoline  engines,  construction  and  installation  of 

Gafloline  vapor  gaiulighting  machines,  lamps,  and  systems 

Gasoline  8tove3»  for  cooking  and  heating 

Grain  <lrivers,  construction  and  installation  of 

lioec  couplings  and  hydrant  fittings  for  public  fire  service,  with  details 

and  dimensions  of  the  National  Standard 
Hose,  private  department,  for  mill  yard  use 
«     Hose,  public  fire  department  use 

lloi!>c  houses  for  mill  yards,  construction  and  equipment  of 

Hose,  unlineil  linen,  manufacture  of 

Hydrants  for  mill  yard  use,  construction  of 

Incubaton*  and  brooders,  construction  and  installation  of 

Kerosene   oil    pressure   systems,   construction  and  installation  of,  for 

lighting  and  industrial  uses 
Lightning,  protection  against 
PumiM,  centrifugal  fire 
Pump:<,  electric  fire 
Pumps,  rotar>'  fire 
Pumps,  steam  fire 

Pumps,  governors  and  auxiliary'  pumps  (steam) 
Railway  car  storage  and  operating  houses  (standard),  construction  and 

protection  of 
Si^nuliiiK  systems  used  for  the  transmission  of  signals  affecting  the  fire 

hazard 
Skylights,  construction  and  installation  of 

Sprinkler  equipments,  automatic  and  open  systenas,  installation  of 
Storage  systems  for  '2'yO  gallons  or  Fess  of  fluids  wliich  at  ordinary  tem- 

|)erature  give  off  inflammable  vapors 
Tniform   re(|uirements  relating  to  slow  burning  construction,  inferior 

construction,  general  hazards,  oil  rooms,  general  protection,  stair 

and  elevator  enclosures,  watchmen,  thermometers,  etc. 
Waste  and  safety  cans,  fire  pails,  etc. 
Wired  glass  and  construction  of  frames  for  ^-ired  and  prism  glass  used  as 

a  fire  retardment,  manufacture,  construction,  and  installation  of 

LIST  OF  APPROVED  DEVICES 

Acetylene  pas  machines 

Doors,  corridor,  or  partition 

Dry  pi|H»  valves  for  use  in  connection  with  automatic  sprinkler  equipments 

Fire  (lo(»rs  and  sliutters.  standard  tin  clad 

F'ire  doors,  hardware  for 
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Fire  extinguishers,  carboDic  acid  gas,  hand,  for  other  than  fire  department 

use 
Fire  hose,  2  {-inch  cotton,  rubber  lined,  for  mill  yard  use 
Gasoline  engines,  stationary 

Gasoline  vapor  gas-lighting  machines,  systems,  and  lamps 
Gasoline  stoves  for  cooking  and  heating 
Gas-producers,  suction 
Kerosene  oil  pressure  systems 
Linen  fire  hose,  imlined,  for  use  inside  buildings 
Sprinklers,  automatic 
Storage  and  supply  systems  and  receptacles  for  250  gallons  or  less  of 

hazard  fluids 
Watchmen's  time  recording  apparatus 
Window  frames  for  wired  glass 

Underuriiers'  Laboratories.  As  an  outgrowth  of  the  National 
Fire  Protection  Association,  the  Underwritei-s*  Laboratories  have 
been  established  in  Chicago  as  part  of  the  work  of  this  committee, 
$18,000  having  been  appropriatetl  for  its  maintenance.  TTie  labora- 
tory  conducts  tests  and  experiments  on  fire  appliances  and  systems,  and 
maintains  a  system  of  inspection  at  factories  where  fire  appliances 
are  made,  with  a  system  of  labeis  designed  to  distinguish  appliances 
made  imder  this  inspection  system.  During  the  year  1909  a  total 
of  10,815,920  labels  were  used. 

The  Underwriters'  National  Electric  Association  has  drafted 
a  National  Electrical  Code,  which  contains  the  standard  specifica- 
tions for  all  electrical  machinery  and  installations.  It  is  quite  gen- 
erally used  by  municipal  inspecting  departments,  electrical  manu- 
facturers, and  contractors. 

Electrical  Department,  The  electrical  department  of  tlie  National 
Board  of  Fire  Underwriters  operates  for  the  suburban  territory  of 
New  York  City,  and  maintains  a  staff  of  inspectors  who  inspect  the 
electrical  features  of  risks  in  that  territory. 

Construction  of  Buildings.  The  Committee  on  Constmction 
of  Buildings  has  prepared  a  National  Boanl  Building  Ccxle  intended 
to  secure  the  adoption  of  a  uniform  building  code  thnnighout  the 
countrw 

DEPARTMENTS  AND  BRANCHES  OF  FIRE  INSURANCE 

Specialization  is  a  natunil  result  in  the  development  of  as  com- 
plicated a  transaction  as  Fire  Insurance  and  this  has  taken  place  to 
so  great  an  extent  that  there  are  a  number  of  departments  or  branches 
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which  have  come  to  I>e  considereil  a.s  distinctly  separate  in  tbeir 
work.  A  man  working  in  one  branch  is  practically  compelled  to 
devote  himself  entirely  to  that  line  of  work.  Fire  Insurance  has 
its  commen*iul  lus  well  as  its  technical  or  strictly  insumnce  aspects; 
it  is  a  business  conducted  for  the  purpose  of  making  money,  and, 
therefor(%  is  naturally  managed  like  any  other  business  enterprise. 
This,  of  course*,  does  not  apply  to  the  Mutual  Companies  and  the 

Inter-Insurers,  which  have  been  established   not  to  make  monev 

• 

hut  to  give  s€»rvice  to  their  members;  in  the  case  of  the  Joint-Stock 
Companies  and  the  Lloyds  or  f  ndi\ndual  Insurers,  insurance  is  a 
business  pn)|)osition. 

OBNERAL  BUSINESS  MANAOEMENT 

Among  its  general  commercial  aspects,  t.  e.,  what  might  be  called 
tlie  buitiiirAs  management,  there  is  the  im]X)rtant  question  of  financiog, 
or  investing  the  moneys  and  funds  in  passession  of  the  company.  A 
Firt*  Insurance  Company  naturally  maintains  a  lai^  account  in  the 
shajK»  of  (»apital,  surj)lus,  and  unearned  premiums,  which  cannot 
Im*  |H»nnitt«l  to  remain  idle,  but  must  be  used  to  produce  as  large 
an  income  as  |K)ssiblc;  in  fact,  the  income  derived  from  investments 
is  a  largt*  factor  in  the  su(*ct\ss  of  the  company.  The  financiering 
is  usually  in  the  hands  of  some  one  officer  or  director  of  the  company. 

Thv  ofjicr  nhtn/iijrmrnf  of  a  company  differs  only  in  details 
from  the  oHico  nuinai;ein<'nt  of  any  other  business  enterprise,  and 
is  nuTciy  a  ipuvstion  of  keeping  pn)per  iiccounts  and  reconls.  and 
the  rnijdoyiiKMit  of  an  ade(|uate  number  of  cashiers,  bookkeepers, 
and    clerks. 

The  si)licititHj  or  hns'nirss-fjrtting  department  of  a  Fire  Insurance 
Company  is  similar  to  tlu*  sales  department  of  any  business  enter- 
[)ris(\  Its  (Inty  is  to  see  that  the  company  se<*urt*s  sufficient  desirable 
hiisjiiess  to  justify  the  use  of  the  capital  and  the  maintenance  of 
the  l)u«>ines^  or*;ani/ation.  While  the  soliciting  of  Fire  Insurance 
mav  i)e  considereil  onlv  a  matter  of  onliuarv  business  .salesmanj>hip, 
it  is  usually  [HTfoniKMl  hy  a<rents  or  hmkers,  who,  in  addition  to  being 
business-irt. iters,  are  also  (wpected  to  be  insurance  men  and,  tliere- 
fore,  to  be  sufHcientIv  verse<l  in  the  tec^hnical  features  of  Fire  Insu^ 
nnce.  The  fcrhnicdl  hrdnrlirs  of  Fire  Insurance  are  uisfedwh 
rating,  under wr it iutj,  (idjn.stuKj,  and  brokerage. 
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SPECIAL  BUSINESS  MANAQBMENT 

Technical  Insurance  Functions.  Inspection.  The  inspection 
department  or  brancli  of  Fire  Insurance  has  to  do  with  what  is  called 
the  field  work,  because  it  is  done  away  from  the  office  and  is  concerned 
with  buildings,  their  location  and  other  features.  The  work  of  a 
Fire  Insurance  inspector  consists  in  making  observations  and  de- 
scribing or  reporting  the  conditions  of  risks  or  buildings,  which 
a£Fect  the  question  of  insurance.  The  inspector  is  a  combination  of 
reporter  and  detective;  he  must  be  a  good  searcher  or  investigator, 
able  to  see  things,  not  only  as  they  appear  on  the  surface  but  as  they 
are  underneath,  and  in  their  true  condition.  He  must  be  wide 
awake;  he  must  keep  infonned  and  up-to-date  concerning  new 
processes  or  methods.  He  must  be  able  to  match  his  wits  and  skill 
against  the  wits  and  skill  of  the  property  owners,  and  their  employes 
or  agents,  who  are  frequently  not  averse  to  taking  advantage  of  the 
Fire  Insurance  company  by  misleading  the  inspector  or  simply  let- 
ting him  trust  to  his  own  devices  and  ability  to  get  the  information 
that  is  needed  by  his  company. 

From  this  suggestive  outline  of  inspection  work,  many  students 
will  be  able  to  judge  whether  the  work  would  attract  them  and 
whether  they  could  hope  to  be  successful  in  it.  Inspection  work  is 
very  much  desired  by  many  men  in  the  insurance  business  because 
of  its  freedom  from  office  routine — the  work  being  done  outdoors  to 
a  great  extent — and  because  of  the  constant  competition  which  the 
inspector  faces,  with  the  risk  itself  as  a  passive  opponent  and  the 
occupants  of  the  risk  as  active  opponents. 

Rating.  The  rating  department  or  branch  of  Fire  Insurance 
has  to  do  with  measuring  tlie  fire  and  insurance  cost  of  risks  as  a 
whole,  and  as  to  their  separate  features — i.  e,,  the  price-making  part 
of  the  Fire  Insurance  Machine.  Rating,  being  mathematical  in  its 
scope,  offers  a  fascinating  field  to  those  who  understand  and  appre-. 
date  the  possibilities  of  figures,  but  in  the  very  nature  of  things  it 
demands  rather  close  confinement  to  desk  or  office  and  attention  to 
routine  work.  It,  however,  is  one  of  the  most  important  features 
of  Fire  Insurance,  and  is  boimd  to  become  still  more  so,  because 
of  the  general  agitation  over  Fire  Insurance  rates. 

Adjusting.  The  adjustment  of  losses  and  the  settlement  of 
claims  demand  a  knowledge  and  experience  along  varied  lines  of 
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work.  An  adjuster  must  be  something  of  a  lawyer,  because  of  the 
le^l  questions  which  arise  regarding  the  poUcy  and  its  application; 
he  must  hi*  a  good  business  man  because  a  settlement  of  claims 
fR*<|uentlY  resolves  its<'lf  into  a  competitive  proposition;  he  must  be 
a  walking  en(ycl(>])edia  of  prices  and  values  of  all  kinds  of  articles, 
iKH'auM*  the  claims  of  the  pn»perty  owners  or  insured  must  be  checked 
or  veriKetl  in  onhT  that  the  com|)any  may  paiy  only  the  real  loss  or 
damage;  and,  finally,  he  inust  l>e  a  fair  detective,  in>orrler  to  protect 
his  (*ompaiiy  against  incendiarv  Hres  and  fraudulent  claims.  Since 
adjusting  means  the  saving  or  the  losing  by  the  company  of  definite 
ami  large  amounts  of  money,  it  need  hanlly  be  said  that  competent 
adjusters  art»  in  demand. 

Unticnmtiug,  'Hie  underu'riting  depairtment  or  branch  of 
Fire  Insunmce  offers  the  highest  jxxssible  position  in  Fire  Insurance, 
for  the  st'lec'tion  of  the  risks  which  shall  be  insured  is  the  foundation 
stone  of  the  entirt*  Insurance  transaction.  The  underwriter  is  a 
judge,  a  seltH'tor,  or  discriminator;  he  is  called  upon  to  use  kiiowl- 
wigc,  facts,  expt»rienci\  and  records;  he  must  follow  his  instinct,  or 
judgment;  he  must  l)e  a  guesser  or  a  prophet;  and  he  mustha\'e 
f()rt\sight  rather  than  hindsight.  VNlien  all  of  these  qualificatious 
art*  c<>nsi<leretl,  it  still  leaves  untlerwriting  and  the  underwriter 
considcnihiy  short  of  a  full  explanation.  It  is  said  that  untle^ 
writers  an*  l)()rn,  wuX  made;  certain  it  is  that  the\  usuallv  achieve 
their  [)o>itions  l)y  a  pnK'css  of  gravitation  or  natural  selection— 
tliat  is  to  say,  thev  arc  drawn  into  the  place  by  some  magnetic 
attraction.  It  seems  useless  to  suggest  that  a  man  should  start 
out  with  the  intention  of  heing  an  unden\'riter,  for  if  he  has  the 
(jualities  to  fill  such  a  delicate  and  responsible  position,  he  will 
land  there  just  as  rjuickly  as  his  com|>any  finds  out  his  value  in  that 
department. 

Aijcucij,  The  a^^ency  department  or  bnineh  of  Fire  Insurance 
is  a  comhination  of  huNiness  and  insurance.  In  fact  the  agent  is 
almost  a  Kire  Insurance  company  himself,  for  he  must  be  successful 
as  a  business  man  and  as  a  business-getter,  in  onler  to  hold  his 
agency,  while  at  the  sunc  time  he  must  be  a  competent  and  a  prac- 
tical Fire  Insurance  man  in  order  to  give  his  company  the  proper 
support  and  to  give  his  customers  and  clients  the  technical  assistance 
they  require. 
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Tlie  position  of  agent  is  generally  considered  a  very  desirable 
one;  in  fact,  one  prominent  underwriter  called  the  local  agent  the 
most  independent  man  on  earth.  He  has  the  advantages  of  conduct- 
ing his  own  business,  and  also  developing  a  valuable  line  of  cus- 
tomers and,  if  successful,  he  is  in  a  position  to  make  advantageous 
arrangements  with  the  companies.  A  successful  agent,  like  a  suc- 
cessful underwriter,  must  apparently  be  produced  by  passing  through 
the  insurance  mill,  and  must  be  thoroughly  familiar — even  though 
not  an  expert— with  inspection,  rating,  adjusting,  and  underwriting, 
because,  otherwise,  it  does  not  seem  reasonable  that  he  can  properly 
perform  his  duties. 

Brokerage.  The  brokerage  department  or  branch  of  Fire 
Insurance  b  similar,  in  many  r^pects,  to  tlie  agency  branch.  The 
broker  is  primarily  a  business-getter,  and  in  order  to  get  business 
he  must  obtain  the  good  will  of  insuring  property  owners,  who 
will  place  their  insurance  in  his  hands  with  the  implied  understand- 
ing that  the  broker  will  look  after  their  interests.  This  puts  upon 
the  broker  a  great  responsibility,  for  he  virtually  becomes  the  agent 
of  the  property  owner  and  must  protect  his  client's  interests  against 
those  of  the  insurance  company  if  necessary.  The  broker's  principal 
technical  functions  are  concerned  with  rating  and  adjusting.  He 
must  first  be  a  practical  expert  on  rates,  for  he  will  be  expected  to 
purchase  insurance  for  his  clients  at  the  lowest  possible  cost;  but  still 
more  important  is  his  assistance  in  case  of  a  loss,  for  it  will  be  his 
duty  to  have  his  client's  property  so  protected,  that  no  question  or 
dispute  can  arise  in  case  it  is  necessary  for  a  client  to  make  a  claim 
upon  the  company.  In  the  actual  settlement  of  claims,  the  broker 
is  also  expected  to  act  as  his  client's  adjuster,  although  this  activity 
is  now  performed  in  some  localities  by  specialists  who  are  known 
as  public  adjusters. 


321 


FIRE  INSURANCE  RATING 


PART  I 


DEVELOPMENT  OF  INSURANCE  RATES 

EARLY  METHODS 

Definitions.  The  rate  of  {murance  Ls  the  amount  charged  for 
each  one  humlred  dollars  of  insurance.  Rates  are  today  commonly 
divided  into  two  classes,  minimum  and  specific. 

The  minimum  rate  usually  applies  to  large  classes  or  groups  of 
risks  representing  no  high  degree  of  hazard  but  fair  uniformity  in 
the  hazard  represented,  such  as  dwelling  houses,  and  may  be  (1) 
the  lowest  rate  that  may  be  charged  for  a  given  class;  (2)  a  rate 
distinguished  from  a  specific  rate  in  that  it  a])plies  to  a  large  group 
of  risks.  A  specific  rate  is  one  that  ai)plies  to  a  sjxecific  business  or 
property  at  a  specific  location.  Specific  rate  applies  where  the  hazanl 
rises  above  the  ordinar}',  or  where,  owing  to  the  area,  size,  height,  or 
kind  of  construction,  as  fireproof,  the  problem  can  only  \)e  handled 
by  a  specific,  or  as  it  might  better  be  termed,  an  individual  rate. 

A  risk  will  usually  have  at  least  two  rates,  one  for  the  building 
and  one  for  the  contents.  The  simplest  example  would  be  a  dwell- 
ing house  where  the  building,  if  brick,  will  take  a  lower  rate  than  the 
contents,  which  are  the  household  furniture.  Again,  a  risk  may 
have  several  different  rates,  o^^nng  to  the  nature  of  the  business; 
thus  a  jeweler  would  have  a  rate  for  the  building,  a  general  rate  for 
his  contents,  and  then  other  rates  for  the  contents  of  the  firej)roof 
sales  or  vaults,  these  rates  themselves  varying  for  different  artich^s. 

An  average  rate  is  frequently  made  where  property  is  siKrifically 
rated  and  may  arise  in  one  of  two  ways : 

(1)  If  the  property  is  in  two  or  mon*  buildings,  the  rates  being 
different,  the  value  of  the  projx^rty  in  each  building  will  he  sub- 
mitted and  an  average  rate  based  on  these  vahu^s  will  hv  promul- 

Cojfyrightt  1012,  by  American  School  of  CorruponJtncc. 
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TABLB  I 
Rates  Based  on  Rental  Value 


Pound 

Insured  for 

Inaurod  for 

Insured  for 

Insured  for 

Hooses  Bomt 

Rent 

7  yean 

11  years 

21yea] 

rs 
d. 

31  years 

MoD^Paad 

£ 

£          B 

d. 

£      •. 

d. 

£      s 

£      s. 

d. 

£      s.    d. 

1 

0     2 

6 

0    3 

6 

0     5 

0 

0    5 

6 

10     0    0 

2 

0     5 

0 

0     7 

0 

0  10 

0 

0  11 

0 

20     0    0 

3 

0     7 

6 

0  10 

6 

0  15 

0 

0  16 

6 

30    0    0 

4 

0  10 

0 

0  14 

0 

1     0 

0 

1     2 

0 

40    0    0 

5 

0  12 

6 

0  17 

6 

1     5 

0 

1     7 

6 

50    0    0 

6 

0  15 

0 

1     1 

0 

1   10 

0 

1  13 

0 

60    0    0 

7 

0  17 

i) 

1     4 

6 

1  15 

0 

1  18 

6 

70    0    0 

8 

1     0 

0 

1     8 

0 

2     0 

0 

2     4 

0 

80    0    0 

0 

1     2 

() 

1   11 

6 

2     5 

0 

2     9 

6 

90    0    0    1 

10 

1     5 

0 

1   15 

0 

2  10 

0 

2  15 

0 

100    0    0 

20 

2  10 

0 

3  10 

0 

5     0 

0 

5  10 

0 

200    0    0 

30 

3  15 

0 

5     5 

0 

7  10 

0 

S    5 

0 

300    0    0 

40 

5     0 

0 

7     0 

0 

10    0 

0 

11     0 

0 

400    0    0 

50 

1       6     5 

0 

8  15 

0 

12  10 

0 

13  15 

0 

500    0    0 

60 

7   10 

0 

10  10 

0 

15     0 

0 

16  10 

0 

600    0    0 

70 

8  15 

0 

12     5 

0 

17  10 

0 

19    5 

0 

700    0    0    1 

80 

1     10     0 

0 

14     0 

0 

20    0 

0 

22    0 

0 

800    0    0    ' 

90 

i     11     5 

0 

15  15 

0 

22  10 

0 

24  15 

0 

900    0    0 

100 

1     12  10 

0 

17  10 

0 

25     0 

0 

27  10 

0 

1000    0    0 

gated.  The  advantage  of  this  is  that  it  enables  the  insured  to  have 
one  policy  covering  his  property  in  all  the  locations  without  paying 
the  highest  rate.  Hence  if  the  stock  shifts  from  one  building  to 
another  daily  or  hourly  it  does  not  require  such  a  dose  accounting 
to  follow  the  values  in  each  building. 

(2)  In  a  fireproof  building  where  the  values  vary  on  different 
floors  and  the  ratt^  vary,  the  submission  of  these  values  is  generally 
resorted  to  for  the  purpose  of  securing  an  average  rate  covering  all 
the  fl(X)rs,  the  object  l)eing,  that  the  insured  may  have  without  pay- 
ing the  highest  rate,  one  policy  covering  all  the  floors. 

A  ffhort  rate  is  n»ally  a  part  of  the  regular  rate  and  is  that  part 
taken  for  a  perio<l  less  than  one  year.  If  the  annual  rate  is  one 
dollar,  the  short  rate  for  one  month  is  twenty  per  cent  of  that,  or 
twenty  cents.    This  is  set  forth  in  the  short-rate  tables. 

Early  History.  Early  in  the  sixtwn  hundreds  some  of  the 
tenants  of  a  Count  Ollendorf,  in  Germany,  proposed  to  him  that 
he  should  establish  a  fund  to  which  they  might  all  contribute  at 
the  rate  of  one  dollar  for  each  one  hundred  dollars  of  value,  this 
fund  being  for  the  purpose  of  repairing  any  damage  that  might  arise 
from  fire.    The  Count  did  not  embrace  the  opportunity,  and  thus, 
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TABLB  II 
Rates  Based  on  Property  Value 


Money 

Insured  for 

Insured  for 

Insured  for 

Insured  for 

Insured  for 

1  year 

2  years 

3  years 

4  years 

7  years 

£ 

£        9. 

d. 

£     s. 

d. 

£     s. 

d. 

£      8.       d. 

£     s.      d. 

10 

0    0 

7i 

0     1 

2J 

0     1 

9i 

0    1  lu 

0    3    0 

20 

0     1 

2i 

0    2 

5 

0    3 

7i 

0     3  11 

0    6    0 

30 

0     1 

3i 

0    3 

7i 

0     5 

5i 

0    5  10} 

0    9    0 

40 

0    2 

5 

0     4 

10 

0    7 

3 

0    7  10 

0  12    0 

50 

0    3 

0 

0    6 

0 

0    9 

0 

0    9     9} 

0  15    0 

60 

0    3 

7i 

0    7 

2i 

0  10 

9J 

0  11     9 

0  18    0 

70 

0    4 

3 

0    8 

6 

0  12 

9 

0  13     9 

1     1     0 

80 

0     4 

10 

0    9 

8 

0  14 

6 

0  15     8 

1     4    0 

90 

0    5 

5 

0  10 

10 

0  16 

3 

0  17     7§ 

1     7    0 

100 

0    6 

0 

0  12 

0 

0  18 

0 

0  19     6 

1  10    0 

200 

0  12 

0 

1     4 

0 

1  16 

0 

1  19    0 

3    0    0 

300 

0  18 

0 

1  16 

0 

2  14 

0 

2  18     6 

4  10    0 

400 

1     4 

0 

2     8 

0 

3  12 

0 

3  18    0 

6    0    0 

500 

1  10 

0 

3    0 

0 

4  10 

0 

4  17     6 

7  10    0 

600 

1   16 

0 

3  12 

0 

5     8 

0 

5  17     0 

9     0    0 

700 

2     2 

0 

4     4 

0 

6     6 

0 

6  16     6 

10  10    0 

800 

2     8 

0 

4  16 

0 

7     4 

0 

7  16    0 

12  10    0 

900 

2  14 

0 

5     8 

0 

8     2 

0 

8  15     6 

13  10    0 

1000 

3     0 

0 

6    0 

0 

9    0 

0 

9  15    0 

15    0    0 

perhaps,  missed  the  chance  of  being  known  as  the  first  imderwTiter. 
It  has  ahready  been  noted  that  Barbon  in  London  established  the 
first  fire-insurance  ofiice  on  a  commercial  basis.  The  rates  of  insur- 
ance that  were  charged  by  Barbon  are  not  known,  for  no  records 
have  come  down  to  us.  Tables  compiled  by  his  immediate  succes- 
sors have  descended  and  these  furnish  exact  information  from  that 
time  on.  It  would  be  interesting  to  know  how  the  pioneer  in  fire 
insurance  solved  the  problem  of  determining  the  charge  that  should 
be  made  for  the  indemnity  offered.  One  fact  has  come  down  and 
that  is  that  the  first  rates  of  insurance  were  based,  not  on  the  actual 
value,  but  on  the  rental  value  of  the  property.  Table  I,  the  oldest 
table  known,  showing  the  rates  based  on  rental  value,  was  pub- 
lished by  the  Insurance  Office  for  Houses  on  the  Back  Side  of  the 
Royal  Exchange.  The  table  is  dated  September  16,  1681,  or  four- 
teen years  after  the  first  office  was  set  up. 

Taking  as  an  illustration  the  amount  charged  where  the  rental 
value  was  twenty  pounds,  for  seven  years  the  charge  was  two  pounds 
and  ten  shillings.  The  plan  of  basing  the  rate  on  the  rental  value 
did  not  last  for  many  years.  In  1700  the  Fire  Office  published 
another  table,  Table  II,  based  on  the  value  of  the  property. 
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Another  (*hange  had  crept  into  the  method  of  insurance  by  this 
time;  whereas  i)reviously  policies  were  not  issued  for  less  than  seven 
years  and  from  that  period  up  to  twenty-one  years,  in  1700  they 
were  issued  for  one  year  and  for  any  number  of  years  thereafter. 
Building  only  were  insured  at  this  time,  and  it  was  custcMnary  to 
give  a  discount,  so  to  speak,  where  property  was  insured  for  a  longer 
perioil  than  the  shortest  term.    Thus  property  insured  for  twent)'- 
one  years  would  be  insured  for  twice  the  seven-year  rate,  and  so  for 
various  perio<ls.     Previous  to  the  insuring  of  the  contents,  when 
buildings  only  were  insured,  rates  were  di\nded  into  two  classes, 
those  for  wihkI  buildings  and  those  for  brick  or  stone.    It  is  im- 
portant to  remenilwr  that  there  never  was  a  time  when  all  propert)' 
was  insured  for  the  same  rate.    Discrimination,  according  to  con- 
struction, Iwgan  with  the  business  and  has  continued  ever  since, 
growing  more  and  more  refined  as  knowledge  has  become  more  end 
The  amount  chargeil  for  the  insurance  of  contents,  when  in  1706 
the  Sun  Fire  Office,  or  rather  the  founder,  .Povey,  commenced  to 
insure  contents,  was  the  same  as  the  rate  of  the  building.   If  the  con- 
tents were  in  a  wikkI  building,  the-  rate  for  the  wood  building 
was  cluirgtMl;  if  in  a  brick  or  stone,  then  the  rate  for  brick  or  stone. 

Group  System.    The  business  then  moved  forward  to  the  next 
step  in  1714  or  1715  when  the  Union  Fire  Office  introduced  a  sj'stem 
of  classifying  or  dividing  risks  into  groups,  which  has  prevailed  id 
a  hirgc  measure  vwn  down  to  the  present  time.    It  is  evident  that 
when   tlu'   insurance  offices  lx*gan  to  experience  real  fires,  atten- 
tion would  l)c  drawn  to  the  fact  that  property  occupied  by  certain 
businesses  had  more  fires  than  that  occupied  by  others.    Insurance 
could  not  long  have  continut^  without  acting  upon  this  informa- 
tion.   If  the  existing  offices  had  not  taken  note  of  it,  new  ones  would 
certainly  he  established  that  would.     It  seems  to  be  fairlv  well  es- 
tablished,  however,  that  the  Union  Fire  Office,  founded  in  1714, 
was  the  first  to  introduce  the  distinction  of  hazardous  and  doubly 
hazardous  ri>ks.    They  really  had  three  classes,  the  first  being  called 
ronnnon,   the    second    lurjirdous,  and  the  third    doubly   hazardous 
insurance.     To  make  further  modification,  the  directors  were  em- 
powered to  (iivid(»  thest*  classes  into  one-quarter,  one-half,  and  three- 
quarters  of  the  rat(*  in  the  next  class  when  they  were  convinced 
that  the  risk  did  not  fall  into  the  lower  class.    This  classification  is 
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in  use  to  a  certain  extent  in  Great  Britain  today  and  the  same  is 
true  in  the  United  States,  although  in  this  country  it  has  more  com- 
pletely passed  away  since  the  system  of  schedule  rating  is  so  largely 
in  force.  It  has  been  superseded  in  Great  Britain  where  the  "special 
tariffs"  as  they  are  called,  apply,  but  it  is  still  in  force  in  mercantile 
properties  and  in  the  less  hazardous  risks. 

Special  Hazards.  About  this  period  certain  trades  being 
deemed  more  than  usually  risky  were  placed  in  a  class  by  themselves, 
as  brewers,  distillers,  ship  and  tallow  chandlers,  etc.  They  naturally 
took  higher  rates.  Another  practice  that  prevailed  in  the  early 
history  of  the  business  was  the  practice  of  increasing  the  rate  of 
insurance  if  the  amount  insured  passed  beyond  a  certain  sum.  This 
practice  in  Great  Britain  was  quite  general,  lasting  down  to  the 
conmiencemeilt  of  the  nineteenth  century.  In  the  United  States 
it  appears  never  to  have  been  adopted. 

This  outline  is  sufficient  to  acquaint  the  reader  with  the  methods 
of  determining  the  rate  of  insurance  which  prevailed  down  well 
into  the  eighteen  hundreds,  probably  1820  at  least.  It  was,  as  can 
be  seen,  nothing  more  than  a  simple  rough  grouping  of  the  different 
classes  of  business  and  then  the  application  of  certain  rates  to  those 
groups.  At  the  utmost^  the  number  of  classes  could  not  have  been 
more  than  eleven,  that  is,  one  for  frame  or  wood  houses,  for  brick 
or  stone  houses,  for  common,  hazardous  and  extra  hazardous  insur- 
ance, with  the  division  into  fourths,  halves,  and  three-fourths  between 
conmion  and  hazardous  and  between  hazardous  and  extra  hazard- 
ous. Hence  the  rater  of  that  time  or  the  underviTiter  since  the 
specialization  had,  of  course,  not  then  originated,  had  from  the 
report  on  the  property  merely  to  determine  into  which  class  it  fell, 
and  the  rate  was  known. 

Wool  Tariff.  In  the  year  1848,  the  first  of  the  seventeen 
tariffs  now  in  use  in  Great  Britain  for  rating  different  classes  of 
property  was  adopted.  This  first  tariff,  as  it  is  called,  applied  to 
wool  mills.  These  tariffs,  or  schedules,  as  they  are  called  in  this 
country',  make  an  attempt  to  analyze  the  construction  of  the  prop- 
erty and  the  various  hazards  entering  into  its  occupancy  and  to  fix 
a  charge  against  each  one  of  these.  They  naturally  began  with 
business  which  was  highly  specialized,  as  in  the  case  of  the  wool 
mills  in  Great  Britain,  and  from  time  to  time  as  business  has  de- 
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veloped  and  reached  the  point  where  it  was  worthy  of  special  atten- 
tion, the  tendency  is  to  adopt  a  tariff  for  it.  Some  seventeen  of 
these  now  apply  in  Great  Britain,  the  last  having  been  adq>ted  in 
190C. 

METHODS  IN  THE  UNITED  STATES 

In  the  United  States,  the  methods  of  Great  Britain  were  naturally 
f(>llowe<i  in  the  beginning.  The  Philadelphia  Contributionship,  the 
secH>nd  mutual  association  that  insured  houses,  adopted  the  minimum 
IKTio<l  of  Steven  years,  which  was  the  minimum  in  Great  Britain  for 
a  long  while,  and  charged  twenty  shillings  for  one  hundred  pounds 
if  the  building  were  brick,  and  sixty  shillings  if  it  were  wood.  There 
was  nearly  always — and  tlie  practice  has  not  wholly  passed  away— 
a  requirement  tliat  there  should  be  a  charge  for  the  polic}'  itself. 
In  rhiladeli>hia  companies,  this  was  one  shilling  and  twopence  for 
brick,  and  two  shillings  and  sixpence  for  frame.  An  interesting  bit 
of  niting  history  is  connected  with  the  third  mutual  association 
organized  in  this  country.  It  was  conunonly  known  as  the  Green 
Tree  Company.  A  fire  having  occurred  in  a  certain  property,  it 
was  transmitted  by  means  of  trees  in  front  of  the  house  to  a  build- 
ing insured  by  the  Contributionship.  The  trees  not  only  trans- 
mitted the  fire,  but  hindered  the  firemen  in  their  work.  The  Con- 
tributionship thereuix>n  voted  to  notify  all  members  that  their 
insurance  would  cease  unless  the  trees  in  front  of  their  houses  were 
cut  down.  Sineriil  menilK^rs  rel)elle<l  and  endeavored  to  have  the 
rule  rescinded,  thn^atcning  to  withdraw  unless  this  was  done.  The 
Contril)utionship  would  not  change  the  rule,  the  members  with- 
drew, forming  another  company  which  was  the  Green  Tree  Com- 
pany. This  company  then  made  a  special  rate  for  those  members 
who  had  trci\s  in  front  of  their  houses,  adding  a  special  charge,  in 
addition  to  the  rt^gular  charge,  for  tlie  presence  of  trees.  This  b 
undoubtedly  the  earliest  instance  in  the  United  States  that  histor}' 
records  of  a  s|)ccial  charge  for  a  distinct  hazard. 

So  far  as  known  no  investigations,  ^^ith  one  exception,  were 
made  concerning  losses,  indt^l  it  is  doubtful  if  in  the  beginning  oi 
fire  insurance  in  this  country,  it  would  have  been  possible  except  w 
a  very  limited  field  to  have  gathered  statistics  of  losses  by  fire,  which 
would  have  been  of  anv  value.     In  1797  when  the  Mutual  Fire 
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Insurance  Company  of  Boston  was  organized  they  made  extensive 
researches,  running  back  for  a  period  of  thirty-eight  years  showing 
the  number  of  buildings  that  had  been  destroyed  by  fire  in  that 
time.  The  data  collected  showed  that  throughout  the  period  an 
average  of  three  thousand  buildings  constituted  the  then  town  of 
Boston,  and  in  thirty-eight  years  the  losses  were  eighteen  per  cent. 
But  insurance  had  been  established  for  some  years  prior  to  this 
investigation  and  the  pioneer  was  obliged  to  feel  his  way  or  go  by 
rule  of  thumb. 

Fixed  Base  Rate.  The  earliest  offering  of  stock  fire  insurance 
upon  the  basis  of  a  fixed  rate  (meaning  other  than  assessment  or 
contributionship  insiu^nce)  was  in  1794,  and  the  company's  pro- 
posals embraced  the  division  of  buildings  into  four  classes,  each  carry- 
ing a  different  rate,  and  the  division  of  contents  into  four  grades, 
three  of  which  carried  a  charge  to  be  added  to  the  building  rate, 
thus: 

Buildings  : 

(I)     Brick  or  stone,  covered  with  slate,  tiles  or  metal 50  cents 

(II)    Brick  or  stone,  covered  with  shingles 60  cents 

(III)    The  sides  in  part  of  brick  or  stone  and  in  part  of 

wood 70  cents 

{TV)    The  sides  entirely  of  wood 80  cents 

Contents: 

Not  Hazardous:       At  same  rate  as  building 

Hazardous:  Add  to  rate  of  building 12J  cents 

Extra  Hazardous:    Add  to  rate  of  building 25    cents 

Special:  Rate  to  be  specially  agreed  upon,  but 

add  to  building  not  less  than 50   cents 

This  was  not  quite  so  simple  as  the  uniform  policy  and  uniform 
premium  of  1710  in  England,  but  still  it  appeals  to  one  as  having 
been  within  the  easy  mental  grasp  of  the  policyholder.  His  building 
fell  readily  within  one  or  another  of  the  Classes  of  Hazards,  and 
having  once  landed  there,  its  rate  was  ready  for  it.  His  personal 
i;Ht)perty  fell  almost  as  readily  into  one  or  the  other  of  the  contents 
classes,  and  forthwith  a  charge  was  presented  to  be  added  to  the  rate 
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of  tho  huildiiiK  (*(»ntainiii^  the  pcknIs.  Buildings  then  stood  kucg^ 
dctiu'hifl,  (»r  at  least  tlu\v  did  not  toucJi  their  neighbors,  elbow  to 
elluiw;  then*  was  always  some  space  all  around  them.  ]VIeii  hid 
their  intlividual  shops  or  plaets  of  business  as  they  had  their  individlial 
homes  or  dwellings.  The  <hiy  of  the  mixed  or  omnibus  hazaid  hid 
ni»t  arriveil. 

Classes  of  Hazards.  VtTy  s(M)ii,  however,  the  idea  of  fuithff 
(liiTenMitiatioii  in  elass^^s  of  hazanls  for  buildings  began  to  devdop 
with  the  ri'sult  that  the  Massachusetts  Fire  Insurance  Compiiiy, 
in  171)s.  ]Mit  forwanl  >i.\,  tlmv  of  them  c*orresponding  tol,  Ilfiiid 
IV  of  those  nanietl  in  the  prtreding  jmragraph,  but  with  the  quali- 
fication atltUil  in  each  case  that  the  buildings  should  stand  aqiante 
from  other  l)uiltlin^'s,  or,  if  a<ljoinin^,  that  they  should  be  separated 
liy  brick  ])artition  walls;  an<l  three  new  classes  were  made  to  provide 
for  the  others  whcrt*  such  s(*])aration  by  briek  walls  did  not  exist. 

In  \^'2i)  a  classification  was  jnit  forward  in  New  York  (\'eiy 
likely  as  the  n'>ult  of  the  <lelil K-rations  of  the  ''Salamander  Society*' 
conl]M>snI  of  the  ei^ht  com])anies  then  doing  business  in  that  city) 
which  embraced  (M^ht  building  classes,  beginning  with  "buikUngs 
i»f  brick  or  stoiu*  covi-n-d  with  tile,  slate,  or  metal,  the  doors  and 
win<low>  of  >oliil  iron,"  and  endinjc  with  ^'buildings  entirely  of  wood." 
In  ]>a^'^iii.i:.  wc  in;iy  note  that  the  e.\])n»ssion  "covered  with"  is  used 
a>  wc  nii^'lii  n*fcr  ti»  the  cover  <»f  a  ]mn  or  kettle,  and  means  "roofed 
wiili",  and  the  n'(|uircnu'ni  <»f  **<loi»rs  and  windows  of  solid  iron" 
nnl«^t  not  i)v  taken  literally;  later  they  U'came  familiar  as  "iron  doors 
and  >lnitter^",  and  in  the  end  >iL:nally  In^trayed  the  faith  reposed  in 
tliein. 

I\>r  the  sake  f>f  <oin])ari><»n,  and  because  at  this  time  the  Classes 
of  Ila/anK  >eein  to  hav(»  rcaeluHl  a  fairly  eimiplete  development, 
the  v'v^hx  ela>M'>  refern'd  to  as  >et  forth  in  jHdieies  of  1820  are  shoiRU 
\  Iz: 
l-'irst:         Bnildinirs  of  hriekor  ^tonc'.cnvennlwith  tile,  slate, 

or  metal:  theiloor>  and  window.s  of  solid  in>n.  .  .     SOcents 
Nmv*////;      Huililiii,i:>  of  brick  or  stone,  coven*<l  with  tile, 

-late.  t}v  ineial  35 cent^ 

Third:        Uiiildiiii:^  of  briek  or  >toni',  n»ofs  thrt»t^fifths  of 

tile,  -late,  or  iru'tal,  the  re>t  shin^leil 40 cents 

Fourth:      nnil(lini:>  of  briik  or -^tone.  ccivertMlwith  wood.  .  .     4r)tt»nts 
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Fifth:        Buildings  of  frame,  filled  in  with  brick,  with  front 

entirely  of  brick 60  cents 

Sixth:       Frame  buildings,  filled  in  with  brick 60  cents 

SeeerUh:    Frame  buildings,  hollow  walls,  with  brick  front. .  70  cents 

Eighth:     Buildings  entirely  of  wood 80  cents 

Note. — Country   houses,   standing  detached    from    other    buildings, 
though  of  the  sixth,  seventh,  or  eight  class,  will  be  insured  as  of  the  fifth  class. 

The  classification  and  charges  for  contents  as  set  forth  in  policies 
of  that  year  are  also  given  in  full  as  follows: 

Not  Hazardous  : 

Goods  not  hazardous,  are  to  be  insured  at  same  rate  as  building 
in  which  they  are  contained,  and  are  such  as  are  usually  kept  in 
dry  goods  stores,  including  also  household  furniture  and  linen, 
cotton  in  bales,  coffee,  flour,  indigo,  potash,  rice,  sugars,  teas, 
spices,  paints  ground  in  oil,  threshed  grain,  and  other  articles 
not  combustible,  and  not  hereafter  enumerated. 

Hazardous  : 

The  following  trades,  goods,  wares,  and  merchandise  are  con- 
sidered hazardous  and  are  charged  12|  cents  per  $100  in  addition 
to  the  premium  for  each  class  of  buildings,  viz:  Booksellers* 
stock,  chair  makers,  chocolate  jmakerSj  confectioners,  china, 
glass  and  earthenware  in  packages,  flax,  hemp,  jewelers*  stock, 
milliners,  musical  instrument  sellers'  stock,  oil,  pitch,  pictures 
and  prints,  sail-makers,  ship  chandlers,  spiritous  liquors,  salt- 
petre, tar,  turpentine,  tavern-keepers,  tobacco  manufacturers, 
and  watchmakers'  stock. 

Extra  Hazardous  : 

The  following  trades  and  occupations,  goods,  wares,  and  mer- 
chandise, are  deemed  extra  hazardous,  and  will  be  charged  25 
cents  and  upward  per  $100  in  addition  to  that  premium  for 
each  class,  viz:  Aqua  Fortis,  apothecaries  or  druggists,  boat- 
builders,  coach-makers,  cabinetmakers,  carpenters  in  their 
own  shops  or  in  buildings  erecting  or  repairing,  china,  glass,  or 
earthenware  unpacked,  and  buildings  in  which  the  same  are 
packed,  coopers,  dyers,  ether,  founders,  fodder,  and  grain  un- 
threshed,  hay,  musical-instrument  makers,  spirits  of  turpentine. 
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straw,  soap  boilers,  and  tallow  chandlers,  and  aU  manufactuiia 
requiring  the  use  of  fire  heat.     Gunpowder  is  not  insuraUe 
unless  by  special  agreement. 
Special: 

Bakeries,  breweries,  printing  offices,  book-binderies,  chemical 
laboratories,  distilleries,  malt  houses,  grist  mills,  saw  milk, 
paper  mills,  sugar  refineries,  and  other  manufacturing  estab- 
lishments, will  be  insured  at  special  rates  of  premium. 
It  will  be  seen  that  the  requirement  of  isolation  from  odier 
buildings,  or,  if  adjoining,  their  separation  by  means  of  brick  walk, 
is  not  made  in  tliis  classification,  but  upon  the  safe  assumption  that 
such  isolation  or  separation  was  meant  to  be  understood,  then  eight 
more  classes  would  have  been  required  to  care  for  the  instances 
where  isolation  or  separation  did  not  exist. 

So  far,  classification  and  rates  had  been  upon  broad  grcHip- 
divisions  and  upon  lines  of  demarcation  easily  applied.  During 
the  next  twenty  years,  however,  the  idea  of  closer  subdi\ision  and 
greater  difTerentiation  of  the  individual  risk  e\ddently  gained  ground, 
for,  in  1839,  in  a  tariff  of  rates  issued  for  New  York  City  a  list  of 
deficiency  charges  is  set  forth  to  be  imposed  in  rating  wardiouses 
and  stores  which  may  be  taken  as  forerunners  of  the  schedule 
charges  imposed  today.  Thus,  there  was  a  fixed  rate  of  30  cents 
for  a  brick  building  occupied  as  a  store  or  warehouse;  not  exceeding 
40  feet  in  height;  having  tile,  slate,  metal,  or  cement  roof;  with  brick, 
stone,  or  metal  gutters;  solid  iron  window  shutters;  no  dormer  win- 
dows or  skylights;  and  situated  upon  a  street  not  less  tlian  50  feet 
wide;  and  to  the  rate  for  this  standard  building  additional  charges 
were  required  to  be  made  for  deficiencies  in  any  of  the  particulars 
name<l,  the  streets  hiding  listed  by  name,  and  a  charge  fixed  upon 
each  running  from  4  cents  to  28  cents  according  to  its  variation  from 
tlie  standard  width  required. 

Beginnings  of  the  Schedule  System.  The  simple  group  system 
began  to  disjipix*ar,  and  the  foundation  of  the  complex  schedule 
system  develoixHl  in  its  place;  and  with  the  latter  the  idea  of  sepa- 
rately determining  the  under\\Titing  results  upon  the  classes  pro- 
ducing them  also  sprang  into  life.  Both  grew  steadily  for  the  next 
twenty  }'ears,  and  in  1S60  there  were  in  use  special  surveys  for  various 
kinds  of  manufacturing   risks,   such   as   cotton   mills,  wool  mills. 
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paper  mills,  flour  mills,  tanneries,  and  so  on.  So,  too,  in  time  appeared 
a  classification  ledger  providing  for  debit  and  credit  accounts  with 
some  eighty-five  classes  of  risks,  by  the  use  of  which  ledger  it  was 
assumed  that  head  offices  would  be  able  to  show  just  what  classes 
were  profitable  or  the  reverse.  This  marked  taonumentally  the 
change  from  the  group  system  to  the  class  system,  and  it  has  been 
faithfully  followed  up  by  many  companies  even  to  the  present  day, 
the  number  of  classes  being  enlarged  to  keep  pace  with  building 
methods  and  the  development  of  trade  and  manufacturing,  so  that 
in  at  least  one  classification  uised  today  there  are  1,600  classes,  with 
new  ones  being  added  from  time  to  time. 

A  more  reasonable  one,  and  which  is  nearer  the  average  of  those 
in  general  use,  shows  244  classes,  which  are  divided  into  five  groups, 
namely:  "Non  Hazardous"  covering  60  classes;  "Mercantile** 
covering  40  classes;  "Manufacturing  Specials"  covering  90  classes; 
''Automatic  Sprinklered  Risks"  in  10  classes;  and  "Non  Manufac- 
turing Specials"  in  44  classes.  Each  class  is  divided  into  brick  and 
frame,  and  is  designated  by  numbers,  the  odds  all  being  brick  and 
the  evens  frame;  and  each  is  further  subdivided  into  protected  and 
unprotected  business,  a  protected  risk  being  one  located  within  500 
feet  of  a  hydrant  connected  with  a  town  or  city  system  of  water 
wwks,  and  all  risks  not  so  located  being  considered  unprotected. 
Not  only  is  the  business  of  the  company  classified  as  a  whole,  but 
1^  states  and  individual  agencies,  so  that  its  experience  can  be  shown 
for  localities  as  readily  as  for  the  entire  countr>\  It  must  be  borne 
in  mind,  however,  that  every  company  makes  its  own  classification 
and  that  there  b  no  method  recognized  as  standard;  consequently 
there  is  no  possibility  of  bringing  results  together  upon  a  uniform 
hasis* 

Before  turning  to  schedule  rating,  which  is  the  great  modern 
method  of  rating,  it  would  be  well  to  note  the  average  rate  of  insur- 
ance, meaning  thereby  the  sum  represented  by  dividing  the  total 
jvemiiuns  charged  by  the  total  risks  assumed.  This  lumps  together, 
cf  coinae,  premiums  received  from  buildings,  contents,  and  every 
iom  of  insurance  against  fire.  From  1871  to  1880—94  cents,  1881 
te  1890—98  cents,  1891  to  1900— $1.03,  1901— $1.06,  1902— S1.15, 

-•1.18,  1904— $1.16,  1905— $1.16,  1906— $1.14,  1907— $1.16, 
•1.14,  1009— $1.12,  1910— $1.08. 
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It  is  wortliy  of  note  that  tlie  rate  is  lower  today  than  it  his 
been  since  191)1.  This  period  embraces  the  Baltimore  conflagration 
of  1004,  with  an  insurance  loss  of  S40,000,000,  and  San  Frandsoo, 
ig()(K  with  an  insurance  loss  of  $163,000,000.  These  statistics 
clearly  show  that  there  are  no  wide  fluctuations  in  the  average  rate 
of  insurance. 

SCHEDULE  RATING 

The  modern  system  of  schedule  rating  which  is  practiced  through- 
out the  world  had  its  origin  in  England  and  the  first  tariff  was  applied, 
as  the  work  is  called,  to  the  cotton  mills.  This  industry  was  among 
the  earliest  to  have  individual  plants  and  to  furnish  an  opportunity 
for  studying  the  causes  of  fire,  or  the  hazards  as  they  are  called  in 
connection  therewith.  Some  seventeen  of  these  different  schedules, 
or  tariffs  as  they  are  calle<l  in  England,  have  been  adopted  since  the 
one  for  cotton  mills.  In  the  United  States  the  cotton-miU  tariff 
was  early  adopted,  probably  in  the  fifties,  and  by  modification  was 
made  to  do  duty  for  other  types  of  mills.  The  great  impetus  to 
schedule  rating  in  the  United  States  was  furnished  by  the  organiza- 
tion of  the  National  Board  of  Fire  Underwriters  in  1866.  The 
National  Boanl  was  proi)osed  in  April,  1806,  and  to  the  call  sent  out 
by  the  committee  rtK|uestinp  those  who  favored  such  an  organiza- 
tion to  HKH^t  in  New  York  City  in  July,  a  sufficient  number  of  favor- 
able rcplit^s  were  re(vi\cd  pre\ious  to  the  Fourth  of  July  of  that  year. 
On  tliat  date  (n'ournnl  tho  famous  firt*  in  Portland,  Maine.  This 
fire  emphasized  tlie  necessity  for  co-operation  and  was  no  doubt 
quite  iufiueiitial  in  makinj:  the  early  su(*ct^s  of  the  National  Board. 

Previous  to  this  or^Miiization  there  had  been  bodies  covering 
lesser  fields,  and  some  attempts  at  a  national  organization.  TWs 
was  true  in  lS2r»,  also  in  isr)2. 

National  Board.  Whatever  els(*  the  National  Board  tried  to 
do  in  its  hejjinning  it  attempted  a  comprehensive  system  of  rating. 
Tlie  plan  in  l)rief  was  a  <livisi()n  of  the  country  into  districts,  the 
formation  of  local  bodies  for  these  districts,  the  business  of  the  local 
bcMlies  being  to  make  rates  according  to  the  rules  and  schedules 
adopted  by  the  National  Board.  It  is  sufficient  to  state  without 
going  into  the  causes  that  the  plan  of  working  from  one  central 
source  did  not  prove  feasible.  The  final  authority  was  too  far  removed 
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to  handle  local  problems  in  that  way.  The  insiurance  people  them- 
selves and  the  community  were  yet  to  be  educated  up  to  the  whole- 
someness  of  schedule  rating.  Like  all  great  movements  the  success 
in  the  beginning  was  remarkable.  Competition,  however,  for  busi- 
ness threatened  to  bring  the  entire  experiment  to  a  close  when  there 
occurred  in  1871  the  Chicago  fire,  followed  a  year  later  by  the  Boston 
fire.  These  two  disasters  forced  for  a  time  at  least  a  co-operation 
between  the  companies  and  an  allegiance  to  their  agreements  which 
was  unquestioned.  It  was  a  case  where,  in  the  words  of  Franklin, 
"they  must  hang  together  or  hang  alone."  The  companies  that 
survived  the  two  great  fires  found  themselves  with  such  depleted 
resources  as  to  make  impossible,  even  if  it  had  been  advisable,  a 
competitive  strife.  Later  on  as  new  companies  were  formed  in  the 
United  States  and  foreign  companies  commenced  to  enter  the  coun- 
try it  was  found  that  to  attempt  to  rate  from  a  central  organization, 
however  ideal  it  might  be,  was  a  practical  impossibility.  The  agents 
in  the  local  centers  were  able  to  persuade  their  chiefs  that  the  rate 
must  be  determined  by  someone  more  familiar  with  the  facts  than  a 
body  as  far  distant  as  the  National  Board.  The  existence  of  the 
board  was  threatened  by  the  problem  of  rating.  They  very  wisely 
abandoned  that  field  of  activity,  since  which  time  the  Board  have 
done  most  admirable  work  in  dealing  with  the  other  matters  which 
vitally  affect  the  business  of  fire  insurance. 

RATING  ORQANIZATIONS 

After  the  abandonment  of  its  rating  duties  by  the  National 
Board,  rate  making  passed  to  what  might  be  called  local  bodies  and 
there  it  stands  today.  The  phrase,  local  bodies,  must  not  be  taken 
too  literally.  Perhaps  the  expression,  bodies  smaller  than  national, 
would  more  perfectly  convey  the  meaning.  In  the  larger  cities — 
New  York,  Philadelphia,  Chicago,  Boston,  St.  Louis,  Louisville, 
and  others,  the  problem  of  rate  making  is  handled  by  the  agents  or 
companies  there  doing  business.  In  the  New  England  states  outside 
of  Boston,  all  of  New  England  is  taken  care  of  by  one  organization 
with  the  exception  of  the  cities  of  Providence  and  Hartford.  In 
those  parts  of  the  country  less  thickly  settled  an  organization  may 
cover  several  states  as  the  Rocky  Moimtain  states,  the  Pacific  Coast 
states,  or  the  southern  states. 
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No' forms  of  organization  have  been  so  subject  to  attack  as  the 
organization  for  determining  the  rate  of  insurance  to  be  diarged; 
particularly  in  the  western  and  some  parts  of  the  southern  states, 
the  attack  has  been  most  bitter.  Curiously  enough,  it  has  been  most 
severe  where  the  least  property  was  at  stake.  In  the  large  cities  of 
the  East  the  organizations  have  been  permitted  almost  without  dis- 
turbance. The  necessity  for  their  existence  has  been  more  evident 
to  the  business  interests  of  the  large  cities  than  to  those  business 
interests  which  are  represented  by  scattered  communities. 

Duties  of  Rating  Organizatk)ns.  A  rating  organization  is  one 
whose  duty  it  is  to  inspect  properties  which  are  offered  for  insu^ 
ance  within  the  territory'  in  which  it  operates,  to  determine  the  rate 
to  be  charged,  and  to  decide  on  the  general  rules  and  practices  that 
shall  control,  in  order  that  the  purpose  of  the  orgamzation  may  not 
be  defeate<l.  Until  about  1910  none  of  these  orgamzations  were 
more  than  gentlemen's  agreements.  Their  success  or  the  adherence 
to  the  rules  depended  entirely  on  the  good  faith  of  the  members. 
The  same  is  true  today  with  the  exception  that  in  the  states  of 
Kansas,  Texas,  Louisiana,  Missouri,  and  New  York  there  has  been 
t^tablished  by  the  legislatures,  a  state  supervision  of  the  rating 
organizations.  In  Kansas  all  rates  must  be  filed  with  the  sup^- 
tendent  of  insurance  and  no  departures  or  changes  may  be  made 
therein  iink^ss  the  same  are  filed  with  the  superintendent.  In  Texas 
a  state  rating  board  hjis  been  established  on  which,  of  course,  the 
c()m])anies  are  reprt^sented  and  this  board  exercises  the  same  powers 
as  the  siii>erinten(lent  in  Kansas.  In  Louisiana  a  law  takes  effect  in 
about  one  year  and  is  practically  a  copy  of  the  Texas  law.  In  the 
state  of  New  York  on  September  1,  1911,  the  law  took  effect  which 
vests  in  the  insurance  department  the  right  to  examine  at  any  time 
rating  organizations,  to  review  coses  where  the  insured  are  dis- 
satisfied, and,  in  fact,  to  exercise  a  somewhat  complete  power  of  review 
of  the  workings  of  the  organizations.  If  this  power  is  not  suflSciently 
strong  to  enable  the  superintendent  of  insurance  to  accomplish  what 
he  thinks  necessary  to  properly  guard  the  interest  of  the  insured  he 
can  in  his  annual  re]X)rt  to  the  legislature  recommend  and  doubtless 
secure  such  additional  powers  as  may  be  necessary. 

Methods.  There  appear  to  be  three  methods  of  conducting 
business.    The  first  and  oldest  is  the  competitive,  where  the  interest 
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of  the  seller  in  his  desire  to  secure  the  trade  of  the  buyer  leads  him 
to  sell  at  the  minimum  cost.  With  this  method  the  state  does  not 
interfere.  The  second  method  to  secure  trade  is  the  method  of  the 
trust  which  aims  to  control  production  and  thus  compel  the  buyer 
to  trade  with  them.  This  method  the  state  absolutely  prohibits. 
The  third  method  or  rather  group  of  corporations  represented  by 
the  insurance  companies  and  public  service  corporations  are  those 
where  the  commodity  sold  is  of  such  a  nature  that  the  practice 
of  fixing  the  price  co-operatively  seems  to  have  good  grounds  for 
existence.  To  prevent  this  rising  to  an  oppression  since  competition 
in  price  is  prohibited,  the  State  says,  we  will  permit  you  to  do  this 
but  reserve  to  oiu-selves  the  right  of  review  as  to  your  actions  on 
appealed  cases.  The  New  York  act  represents  this  third  attitude 
in  perhaps  its  best  manner.  The  Kansas,  Texas,  Missouri,  and 
Louisiana  attempts  are  more  drastic  and  time  alone  will  tell  if  they 
are  to  be  successful. 

Justification  for  Rating  Organizations.  But  the  interesting  and 
fundamental  question  remains  to  be  answered,  and  that  is,  why 
should  it  be  necessary  for  the  insurance  companies  to  agree  by  mutual 
consent  as  to  the  price  which  they  will  charge  for  the  thing  which 
they  are  selling.  The  primary  reason  lies  in  the  simple  fact  that  the 
thing  which  the  company  is  selling,  namely,  indemnity,  is  not  some- 
thing which  they  have  bought  at  a  certain  price  and  have  this  price 
on  which  to  base  their  selling  price. 

The  insurance  loss  varies  from  year  to  year,  not  only  as  a  whole 
but  very  markedly  in  certain  classes  of  business.  No  one  company 
has  on  its  books,  outside  of  the  small  number  of  simple  uniform 
hazards,  sufficient  experience  on  which  to  determine  the  proper 
charges  to  be  made.  A  grocer  when  he  buys  potatoes  knows  what 
they  cost  him  and  how  much  he  must  sell  them  for  to  gain  a  profit. 
Insurance  lacks  that  solid  rock.  In  the  early  days  of  the  insurance 
business  before  the  conflagration  hazard  was  well  understood  and 
before  properties  had  grown  to  such  a  size  as  to  demand  anything 
like  the  amount  of  insurance  necessary  today,  the  companies  did 
not  hesitate  to  take  what  would  be  considered  very  large  lines. 
Fifty  years  ago  it  was  a  rare  thing  for  a  merchant  to  desire  or  have 
need  for  much  over  fifty  thousand  dollars  of  insurance.  Today, 
single  business  enterjNises,  such  as  department  stores,  in  single 
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blocks,  or  even  less,  call  for  insurance  of  three  to  five  milli(M)s  of 
dollars.  Such  cases  exhaust  the  insurance  market  of  the  world.  Now 
it  is  evident  that  with  enterprises  that  call  for  all  the  insurance  that 
can  be  furnished  by  one  hundred  and  fifty  or  more  companies,  if 
each  company  were  to  compute  the  rate  to  be  charged  individuaDy 
it  would  mean  the  doing  of  thb  as  many  times  as  there  were  com- 
panies insuring  the  risk.  Hence,  primarily  the  rating  orgamzation 
is  an  economic  one.  It  does  for  all  the  companies  by  one  operation 
what  each  company  would  have  to  do  for  itself  if  it  were  not  for  this 
co-operative  manner  of  computing  rates.  It  must  be  borne  in  mind 
always  that  insurance  is  in  a  sense  a  tax,  hence,  whatever  increases 
the  cost  of  the  tax  makes  that  much  more  of  a  burden  to  those  who 
are  obliged  to  pay  the  tax.  Fire  insurance  is  not  a  luxuiy  to  be 
bought  only  by  those  who  may  wish  to.  It  is  a  necessity.  Under 
our  modem  system  of  business,  it  is  fairly  safe  to  state  that  but  a 
very  small  proportion  of  property  subject  to  loss  by  fire  and  whidi 
can  be  insured,  is  not  insured.  The  community,  therefore,  has  a 
direct  interest  in  keeping  everj'  item  of  expense  which  enters  into 
the  business  at  as  low  a  point  as  possible. 

Another  reason  for  permitting  the  rate  of  insmrance  and  other 
practices  to  be  determined  by  co-operation  is  the  fact  that  our  modem 
method  of  private  fire  protection  is  based  verA'  largely  on  the  difIe^ 
ence  in  rate  of  insurance  that  is  granted  for  the  installation  of  the 
devices.  The  equipment  of  a  certain  group  of  piers  with  sprinkler 
protection  means  an  expenditure  of  something  like  one  hundred 
thousand  dollars.  Before  proceeding  with  this  work  the  parties  m 
interest  always  consult  with  underwTiters  to  ascertain  the  rate  of 
insurance  that  will  be  granted  after  the  device  is  installed.  If  it  were 
necessary  to  consult  with  one  hundred  and  fifty  different  bodies  in 
place  of  one,  the  entire  system  of  modern  private  fire  protection  would 
pass  away.  That  of  course  cannot  be  permitted  since  it  would  abso- 
lutely stop  certain  important  businesses  and  add  appreciably  to  our 
already  heax'^'  fire  loss. 

It  should  be  pointed  out  that  the  rating  organization  does 
not  in  any  sense  control  the  unden^Titing  policy  of  any  of  the  com- 
panies represented  in  its  membership.  A  company  may  or  may 
not  choose  to  write  a  risk.  As  a  rule  strong  competition  exists  for 
the  securing  of  the  business  by  the  different  companies  outside 
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of  the  congested  spots  in  the  cities  where  the  conflagration  hazard 
is  deemed  dangerous. 

The  state,  however,  undoubtedly  is  exercising  a  wise  policy  in 
saying  to  its  citizens  that,  while  these  corporations  are  permitted 
to  exercise  some  of  the  powers  which  are  those  of  a  trust,  the  State 
in  its  power  of  review  will  see  to  it  that  these  trust  features  are  not 
permitted  to  become  oppressive  in  any  way.  There  shall  be  allowed 
the  companies  a  reasonable  liberty  of  action  but  not  an  unbridled 
license. 

Work  Distinct  from  Insurance  Companies.  In  connection  with 
rating  organizations  there  is  a  tendency  and  a  growing  one  to  sepa- 
rate the  work  of  rating  from  a  too  close  company  control  and  to  place 
it  in  the  hands  of  those  who  have  made  a  special  study  of  the  problem. 
His  movement  started,  largely  owing  to  political  considerations, 
in  the  western  part  of  the  country.  It  has  not  extended  to  any  of 
the  eastern  states  to  a  great  extent,  although  nearly  all  those  engaged 
in  rating  today  have  devoted  themselves  more  or  less  steadfastly  to 
this  branch  of  the  business.  It  was  not  a  difficult  matter  sixty  years 
ago  to  make  a  fair  guess  at  what  the  rate  of  insurance  ought  to  be 
on  the  ordinary  five-story  building.  It  is  quite  a  diflFerent  matter, 
however,  when  the  problem  presented  is  to  determine  the  rate  on 
the  Woolworth  building  now  being  erected  in  New  York  City.  This 
will  rise  seven  hundred  and  fifty  feet  in  the  air,  being  the  tallest 
structure  erected  by  man  with  the  exception  af  the  Eiffel  tower 
in  Paris.  It  represents  an  investment  of  thirteen  millions  of  dollars, 
of  which  eight  millions  will  go  into  the  structme  above  the  founda- 
tions. Back  of  all  this  there  must  be  an  insurance  policy  or  the 
investment  would  not  be  made. 

Executive  Organization.  Officers,  Under  whatever  name  the 
body  may  be  called,  the  rating  organization  does  not  differ  essentially 
in  the  diflferent  parts  of  the  country  or  in  the  world  for  that  matter. 
As  the  organizations  do  not  operate  under  a  charter  or  under  the 
law  except  in  a  remote  manner,  their  success  depends  upon  the  utmost 
good  faith  in  the  members  toward  each  other  and  a  keen  respect  for 
the  rates  and  rules  which  have  been  adopted.  The  articles  of  the 
organization  are  generally  termed  an  agreement.  This  is  signed  by 
the  executive  officer  of  the  company  in  the  territory  to  which  the 
agreement  applies  and  by  the  local  agents  operating  therein.    Owing 
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to  the  large  number  of  companies  incorporated  in  the  state  of  New 
York,  naturally  more  company  officers  are  represented  in  the  ctrgBn- 
izations  there  than  in  other  states  where  the  membership  is  more 
largely  made  up  from  the  agents  who  represent  the  companies  of 
other  states.  The  officers  consist  of  president,  vice-presidenti  seo- 
retar>%  and  treasurer.  There  are  conunittees  who  discharge  duties 
l)etween  the  sessions  of  the  main  body  and  who  have^  of  course,  full 
jurisdiction  on  many  points. 

Committees.    The  usual  committees  are:  a  committee  on  rates, 
a  conunittee  on  brokers  or  agents,  an  arbitration  conmuttee,  and  an 
executive  conunittee.    The  executive  conunittee  discharges  the  duties 
which  have  primarily  to  do  with  the  business  of  the  organizatm 
The  rate  conunittee  handles  those  problems  which  deal  with  rates. 
The  brokerage  or  agency  committee  deals  ^rith  those  questions 
which  arise  concerning  these  parties,  while  the  arbitration  comnuttee 
is  in  a  sense  a  court  which  hears  and  passes  on  cases  in  dispute  and 
which  do  not  more  strictly  fall  within  the  province  of  the  other 
conunittees.     Whatever  the  names  of  the  conmuttees  the  above 
represents  about  the  kind  of  labors  which  they  are  called  upcm  to 
perform.    The  city  of  New  York,  which  is  the  only  city  in  the  United 
States  where  there  is  a  large  class  of  individuals,  several  thousand, 
who  devote  themselves  to  the  brokerage  business,  furnishes  the 
committee  dealing  with  those  problems  a  large  amount  of  work. 
The  rate  committee  is  a  body  to  which  an  appeal  is  taken  for  any 
question  concerning  rates  in  which  the  party  does  not  feel  satisfied 
with  the  decision  of  the  office,  and  should  the  party  not  be  satisfied 
with  the  decision  of  the  rate  conunittee,  he  may  then  app>eal  to  the 
main  organization  itself  at  its  regular  session.    The  latter,  however, 
is  something  which  is  very  rarely  done.    Almost  every   case  that 
arises  and  which  can  be  settled  by  a  conunittee,  is  usually  settled 
bv  such  committee. 

The  arbitration  committee  finds  its  chief  work  in  passing  on 
those  cases  where  complaint  has  been  made  that  a  policy  has  been 
issued  at  a  wTong  rate  or  by  permitting  a  privilege  which  is  not 
allowable.  This  committee  is  usually  empowered  to  fine  offending 
members  a  certain  amount  generally  based  on  the  magnitude  of  the 
offense  or  acconling  to  the  amount  of  the  insurance  written.  The 
organization  has  adopted  certain  rules,  which  rules  are  presumably 
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in  the  interest  of  all.  Their  infraction  if  permitted  to  go  uncor- 
rected would  lead  to  the  disruption  of  the  body.  The  breaking  of 
the  rules  may  not  be,  generally  is  not,  intentional.  It  is  more  often 
due  to  the  misinterpretation  of  the  rules  by  an  employe.'  But 
naturally  it  would  not  do  to  permit  that  plea  to  be  an  excuse  for  a 
non-enforcement  of  the  rule;  it  would  be  impossible  to  distinguish 
those  cases  where  the  breaking  of  the  rule  was  unintentional  from 
those  cases  where  it  was  intentional. 

Working  Force.  The  officers  of  the  organization  are  parties 
to  the  agreement  but  the  working  force  who  do  the  rating  and  the 
work  necessary  thereto  are  all  employes  and  naturally  forbidden 
to  have  any  interest  in  the  business  of  writing  or  placing  insurance. 
The  head  of  the  body  is  generally  called  the  manager  or  secretary. 
There  may  or  may  not  be  an  assistant  manager  or  secretary.  The 
working  force  will  be  divided  into  the  following  departments — ^the 
inspection  department,  the  rating  department,  the  information 
department,  the  correspondence  department,  the  sprinkler  depart- 
ment, and  the  licensing  department  which  deals  with  brokers  and 
agents. 

The  inspection  department  is  charged  with  the  work  of  inspect- 
ing, or  surveying  as  it  is  often  called,  properties  which  are  subject  to 
specific  rating. 

The  rating  department  takes  the  reports  made  by  the  inspectors 
and  determines  the  proper  rate  applying  under  the  rules  to  the  risk. 
The  inspector,  in  some  cases,  does  the  usual  work  of  an  inspector 
and  in  addition  makes  the  rate.  Better  results  in  the  more  congested 
cities  have  been  produced  by  having  the  rate  computed  by  a  separate 
body  of  men.  A  person  who  has  not  visited  the  risk  may  apply  the 
schedule  in  a  more  cold-blooded  manner  than  one  who  has  visited 
the  property  and  is  affected  more  or  less  by  what  he  has  seen.  But 
where  the  rate  is  applied  by  a  different  person  more  just  rating  is 
undoubtedly  secured  over  a  large  series  of  properties. 

The  information  department  is  an  important  bureau  of  the 
rating  organization.  It  handles  a  hundred  and  one  questions  that 
arise, -even  when  the  business  has  been  reduced  to  as  much  of  a  sys- 
tem as  possible.  All  rating  organizations  today  furnish  the  insured 
with  a  copy  of  the  rate  as  it  b  computed  by  the  office.  When  this 
is  received  by  the  insiu:ed^  or  his  broker,  or  agent,  some  questions 
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will  naturally  arise  thereunder.  In  many  cases  the  parties  for  the 
purpose  of  having  a  record  will  write  about  the  matter,  but  in  ninety 
per  cent  of  the  cases  the  representative  will  call  at  the  c^ce  and 
have  the  matter  exi)lained. 

The  correspondence  department  will  handle  all  conununicatiom 
other  than  those  which  will  be  taken  care  of  in  due  course  by  eadi 
individual  dc])artment. 

There  is  another  important  department  connected  with  some 
organizations  whose  chief  purjiose  is  to  see  that  rates  and  rules 
are  properly  enforced.  This  is  a  policy-checking  department.  To 
this  department  all  i>olicies  l)efore  being  delivered  to  the  insured 
are  sent  to  be  checked.  Should  the  rate  be  incorrect  or  should 
there  be  any  other  deviation  it  is  returned  for  correction  before  being 
api)n>ved. 

The  expenses  of  the  rating  organization  are  divided  amongst 
the  members  by  means  of  an  assessment,  which  assessment  or  tax 
is  levied  against  the  individual  member  according  to  the  premium 
receipts  of  that  member  in  the  territory.  There  may  be  other  sources 
of  income  from  membership  fees  but  the  principal  source  oi  support 
comes  from  the  assessment. 

One  of  the  most  important  functions  of  the  organization  in  its 
eff(*i-t,  not  only  on  fin*  insurance  but  on  fire  waste,  is  the  fact  that 
it  stands  ready  at  all  times  to  furnish  to  the  insured  or  his  repre- 
sentative the  information,  suggestion,  or  advice  that  will  in  any 
way  assist  in  reducing  the  rate  of  insurance  by  the  installation  of 
fire-fighting  appliances,  by  suggestion  for  the  removal  of  the  con- 
ditions which  cause  fires,  and  even  pointing  out  how  the  rearrange- 
ment of  the  ]>lant  may  l)e  better  for  all  parties  concerned.  It  is  a 
mistake  to  supiK)se  that  the  so-called  high  rated  properties  are 
desirable,  as  a  matter  of  fact  they  gi*nerally  are  not.  The  better 
risk  well  protected  and  well  cared  for  with  a  lower  rate  of  insurance 
is  at  all  times  the  more  desirable  property  to  insure. 

THE  MAKING  OF  A  SCHEDULB 

While  considered  of  comparatively  modem  origin,  schedule 
rating  as  a  matter  of  fact  really  began  with  the  business  of  fire  insur- 
ance. The  mere  fact  that  the  first  underwTiters  made  two  sets  of 
rates,  one  for  wood  and  another  for  other  kinds  of  buildings  showed 
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a  discrimination  between  the  only  things  then  considered  in  the  rate 
of  insurance,  namely,  the  construction  of  the  property.  The  whole 
process  from  that  time  forward  down  to  the  present  day,  and  it 
is  still  going  on,  has  been  simply  a  refining  of  what  the  early  under- 
writers started.  At  the  same  time  the  refining  process  has  been  so 
developed  within  fifty  years  that  it  is  a  safe  statement  that  the  un- 
derwriters previous  to  that  date  had  no  conception  of  schedule  rating 
as  it  is  understood  today.  The  phrase  schedule  rating  was  probably 
first  used  in  the  latter  part  of  the  sixties  in  the  United  States. 

A  schedule  may  be  defined  as  a  method  of  assessing  the  insurance 
tax  bj'  computing  this  tax  by  means  of  a  scries  of  charges,  which 
charges  shall  have  the  effect  of  penalizing  those  factors  in  a  property 
which  are  known  to  cause  or  increase  the  fire  loss,  and  crediting 
those  factors  in  a  risk  which  are  known  to  be  helpful  in  preventing 
or  retarding  fire  loss.  There  have  been  many  schedules  put  forth 
since  the  work  was  started.  After  the  breakdown  of  the  attempt 
to  have  schedule  rating  done  by  one  central  body  for  the  whole 
country,  the  work  of  rating  fell  to  bodies  representing  minor  divisions, 
though  some  of  them  represented  several  states.  The  tendency 
was  for  each  group  of  underwriters  to  devise  schedules  which  they 
felt  peculiarly  met  the  condition  of  their  territory.  Furthermore, 
when  it  was  started  the  transmission  or  interchange  of  information 
from  point  to  point  was  much  slower  than  it  is  today.  Most 
businesses  were  local  and  all  problems  were  handled  from  the  local 
point  of  view.  There  naturally  was  a  feeling  that  the  local  repre- 
sentatives were  much  better  acquainted  \iith  the  special  problem 
in  their  neighborhood  than  any  outside  body  could  possibly  he. 
Inasmuch  as  the  business  which  the  company  secured  came  from  these 
local  representatives  they  were  somewhat  slow  about  antagonizing 
them  in  this  matter.  The  same  condition  of  affairs,  that  is  diversity, 
exists  to  a  great  extent  today.  This  is  due,  however,  to  the  fact  that 
it  takes  years  to  work  out  the  peculiar  problems  of  any  one  section. 
And  when  this  has  been  done  in  a  manner  fairly  satisfactory  to  all 
interests  concerned,  it  will  require  something  like  an  upheaval  to 
change  the.  settled  conditions.  The  application  of  a  new  schedule 
means  that  the  agent  and  the  insure<l  must  both  be  educated  to  its 
use.  The  agent  must  defend  it  while  the  insured  who  has  become 
accustomed  to  the  old  manner    will  naturally  resent  any  changes 
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unless  it  means  a  lower  rate  of  insurance.  A  reduction  of  rate,  tbe 
insured  can  always  understand.  It  is  when  the  rate  is  increased  that 
there  is  trouble  in  furnishing  an  explanation  which  will  appear  just 
to  the  party  affected. 

It  must  not  be  inferred  from  what  has  been  stated  that  rates 
today  are  made  wholly  on  schedule.    There  are  many  cases  where 
the  old  system  of  flat  or  judgment  rates  as  they  w»e  termed  are 
still  enforced.    Such  methods,  however,  are  passing  away  rapidly 
and,  vnth  the  exception  of  dwelling  properties,  in  all  probability  will 
pass  away  entirely  in  time.    Two  attempts  have  been  made  to  po- 
duce  sche<lules  capable  of  universal  application,  both  of  which  have 
received  a  ver\'  wide  recognition.    The  first  of  these,  the  'TJniversal 
Schedule'',  is  fully  considered  in  Rating,  Part  II;  the-  second,  the 
"Analytic  System",  will  be  treated  in  Rating,  Part  III.     Before  jwo- 
ceeding  to  take  up  the  Universal  Schedule  it  will  be  best  to  proceed 
from  the   simplest   example   of  rating  and  by  a  series  of  stages 
advance  to  the  somewhat  intricate  problem  represented  by  the 
''Universal  Mercantile  Schedule." 

^^Minimum  Rate"  Risks*  A  minimum  rate,  as  the  phrase  is 
conunonly  ustnl,  means  a  rate  which  applies  to  a  large  group  of  risb 
which,  owing  to  their  uniform  hazard,  it  is  not  necessary  to  consider 
specifically.  .\11  of  the  rate  books  have  a  list  of  minimums  which 
are  usimI  by  the  c()ni])tinies  in  writing  insurance  within  the  territory 
to  which  tlu\\'  H])])ly,  if  the  risk  is  not  under  the  terms  and  rules  sub- 
ject to  a  s])Ocific  rate. 

Privatr  DwvUingtt.  The  most  common  type  of  minimum  rate 
is  the  private  dwelling.  Probably  9()  per  cent  of  the  buildings  in  the 
United  States  arc*  of  this  ty]x*  of  risk.  They  do  not,  of  course,  repre- 
sent the  gr(*atest  value,  but  they  do  represent  the  largest  number. 
All  the  other  classes  of  l)uildings  in  the  United  States  represented 
in  the  other  tenth  ixw  normally  those  which  are  subject  to  what  is 
termeil  a  spt^ific  rating.  Whenever  a  group  of  risks  is  suflSciently 
numerous  and  the  hazard  of  a  mild  ty[^,  specific  rating  need  not  be 
resorte<l  to.  But  when  a  risk  departs  from  a  mild  hazard  condition 
it  is  normally  subject  to  a  s]KH'ific  rating. 

Multiplv  Dwellings.  Multi])le  dwellings,  those  which  contain 
more  than  one  family,  are  usually  all  in  the  minimum  rated  class, 
except  as  they  rise  to  a  higher  hazard  as  represented  by  apart- 
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ment  houses  which  cover  a  large  area,  have  provision  for  many  fam- 
ilies, or  are  fireproof  in  construction. 

Store  and  Dwelling  Next  to  the  private  dwelling  and  apart- 
ment house  probably  the  so-called  store  and  dwelling  rank  in  num- 
bers as  third.  This  is  a  building  occupied,  usually,  on  the  first  floor 
for  business  purposes,  while  on  the  upper  floors  it  is  occupied  for 
dwellings;  hence,  the  name  store  and  dwellings.  This  type  is  also 
represented  by  buildings  of  one  story  in  height  with  a  store  in  the 
front  and  dwelling  in  the  rear. 

A  private  dwelling  has  one  rate  for  the  building  and  one  for  the 
contents.  To  this  there  are  no  additions.  The  rate  for  the  building 
will  be  either  two  times  for  three  years  or  two  and  one-half  times,  the 
term  rule,  as  it  is  called,  differing  in  diflFerent  parts  of  the  country  with 
a  tendency  to  adopt  the  two  and  one-half  year  rule,  or  as  it  may  be 
better  expressed — ^the  full  rate  for  the  first  year  and  three-fourths  of 
this  for  any  succeeding  year  or  part  thereof  when  written  for  more 
than  one  year.    The  same  would  be  true  of  the  household  furnitiu^. 

Variations  from  Minimum  Rate.  The  ordinary  apartment 
house,  either  brick,  frame,  or  fireproof,  would  not  differ  in  method  of 
rating.  It  would  be  a  case  of  a  fixed  rate  for  the  building  and  the 
household  furniture.  The  same  would  be  true  of  the  ordinary  store 
and  dwelling.  The  private  dwelling,  or  the  apartment  house,  or  the 
store  and  dwelling  may  become  subject  to  a  charge  in  addition  to 
the  minimum  provided.  This  charge  may  be,  generally  is,  for  expo- 
sure, and  the  rate  in  that  case  would  be  the  minimum  rate  plus  the 
exposure  charge.  As  soon  as  there  has  been  added  to  the  minimum 
rate  any  charge,  although  it  be  but  one,  the  first  step  in  schedule 
rating  has  been  taken. 

The  store  and  dwelling  may  have  as  a  business  tenant  not  an 
ordinary  store,  as  dry  goods,  groceries,  etc.,  but  the  store  may  be 
occupied  by  a  carpenter,  painter,  a  power  laundry,  jimk  dealer,  or 
a  manufacturing  business.  This  business  occupancy  may  be  con- 
fined to  the  basement  and  first  floor,  but  the  remainder  of  the  prop- 
erty be  occupied  for  dwelling  purposes.  It  is  not  customary  to  con- 
sider that  such  an  occupancy  as  last  enumerated  permits  the  prop- 
erty to  remain  in  the  store  and  dwelling  class.  It  is  deemed  that  the 
hazard  of  a  painter,  carpenter,  etc.,  is  far  beyond  that  of  the  ordinary 
store.    Hence,  if  the  property  is  thus  occupied  it  is  considered  sub- 
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ject  to  a  specific  rating  or  consideration,  and  a  charge  is 
the  building  and  the  other  tenants  for  this  increased  hazard  broun^t 
into  the  building  by  the  business  tenant.  This  charge  is  c(»nmonIy 
called  an  internal  exposure,  meaning  that  the  other  tenants  have 
their  normal  chance  of  fire  increased  by  this  more  hazardous  bua- 
ness.  The  internal  exposure  charge  will  vary  according  to  the  busi- 
ness. TIius,  a  hand-power  carpenter  would  probably  penalize  a 
building  of  ordinary  construction  ten  cents  and  the  other  contents 
fifteen  cents.  The  value  of  a  definite  rule  or  fixed  charge  to  govern 
such  cases  is  evident,  since  the  property  owner  can  ascertain  before 
renting  his  property  to  a  tenant  what  effect  it  will  have  on  the  rate 
of  insurance  on  the  building  and  contents. 

Methods  of  **Specific  Rating/*    Combined  Occupancy.    It  is  a 
principle  of  rating  that  when  for  any  reason  a  property  becomes 
subject  to  a  specific  rating  it  is  subject  to  measurement  by  the 
schedule  which  applies  to  the  rating  of  that  property.    Hence,  in 
making  the  inspection  for  the  carpenter  as  a  tenant  in  an  apartment 
house  the  property  will  be  exanuned  not  merely  to  ascertiun  that 
fact  but  all  others  which  under  the  schedule  should  be  charged  for 
in  the  rate  of  insurance.    Thus  a  property  might  after  such  an  inspec- 
tion, and  using  the  building  as  an  example,  find  the  following  charges 
making  up  its  rate: 

B:iso  R:itP $  .10 

Coininuninitions .05 

Intmiiil  Kxpo>iiro .10 

Unsiife  (las  Bnickfts .10 

Total $  .35 

Some  of  these  charges,  of  course,  are  removable,  and  while  tliis  phase 
of  scheilule  rating  will  Ix*  discussed  more  fully  later,  it  will  do  no 
harm  to  point  out  that  the  gas  brackets  in  this  case  can  be  corrected 
to  conform  to  the  standani  and  c^ommunications  bricked  up.  Thus 
those  two  charges  may  be  wi]xxl  out  leaving  only  the  internal,  but 
the  insix^ctor  might  have  developed  a  severe  exposure  against  the 
property  from  another  risk  and  this  could  not  be  disposed  of  so 
easily. 

Stalk  Risk,  Another  common  type  of  risk  of  which  there  are 
probably  eiglity  thousand  in  the  United  States,  is  the  stable  risk. 
It  ma\'  he  rated  as  a  gi>od  many  are,  something  after  the  following 
manner: 
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Contents  BuildinK 

Basiarate $100  $0.50 

"Pnane 25  .25 

Area  (over  5,000  square  foot) 10  .10 

Flits  paila 10  .00 

Uniife  Ughta 10  .10 

Untidy  condition JO  .10 

$1.05  $1.05 

Id  this  case  the  removable  charges  are  those  for  fire  pails^  misiife 
UghtSy  and  untidy  condition.  The  base  rate,  charge  for  frame  and 
area  being  fixed  charges. 

In  connection  with  such  properties  as  stables  and  to  a  degree 
with  all  properties  involving  animal  life  it  must  be  I)orne  in  mind 
that  the  animals  are  affected  by  the  smoke  the  same  as  a  human. 
Their  lungs  afe  not  built  to  inhale  smoke  any  more  than  the  human, 
while  in  the  case  of  horses  fire  possesses  a  peculiar  fascination  in 
that  they  seem  to  run  directly  toward  the  fin»  instead  of  away  from 
it.  In  order  to  lead  them  from  a  burning  building  it  is  frequently 
necessary  to  throw  something  over  their  heads  and  blind  them.  The 
danger  from  fire  to  horses  increases  naturally  with  the  increaseil 
diflSculty  in  getting  them  out  of  the  building.  Hence,  if  located 
above  the  grade  floor  an  additional  charge  is  impost^^d,  this  charge 
increasing  according  to  the  number  of  stories  that  the  horses  are  kept 
above  grade.  Thus,  on  the  second  fl(K)r  it  may  1h»  ten  cents,  third 
flo(V  twenty-five  cents,  fourth  Root  forty  cents,  fifth  floor  fifty-five 
cents,  and  sixth  floor  seventy  cents. 

If  the  stable  be  of  fireproof  construction  it  is  ]K)ssible,  and  has 
been  done,  to  construct  an  outside  runway  which  jxTmits  the  horses 
to  be  led  direct  from  anv  floor  to  this  outside  runwav  and 
then  brought  down  to  the  ground.  A  better  way,  of  course,  is  to 
sprinkle  the  stable  and  catch  the  fire  in  the  Ix'ginning. 

Furniture  Warehouse.  A  furnitun^  .storage  wart^house  whose 
rating  will  normally  procee<l  on  the  line  indicati^d  in  the  case  of  the 
stable  will  furnish  a  few  more  iK)ints  in  the  progress  of  rating.  It 
will  be  assumed  that  the  building  is  of  ordinary  construction. 

Confcnts  Buil  ling 

Base  rate si..-,o  suk) 

Height  (six  stories) Or>  .O.') 

Sky  lights 0.")  .o:{ 

Floor  openings 10  .00 

Work  (repairing  and  painting)  (2  hands)     .10  .10 

Stable U)  .10 

Sl.'.H)  *1.:U 
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The  removable  diarges  in  this  case  would  be  the  sky  lights  and  flow 
openings,  fifteen  cents  on  the  ct>ntents  rate  and  nine  cents  on  the 
building  rate.  The  same  amount  is  not  charged  the  building  tot 
these  deficiencies  as  the  contents  because  they  are  deemed  more 
dangerous  to  the  contents  than  to  the  building.  The  next  item 
that  may  be  removable  is  the  repairing  and  painting,  which  may 
be  found  to  be  not  absolutely  necessary  in  this  building,  but  can  be 
done  somewhere  else,  or  it  may  not  be  possible  to  conduct  the  busi- 
ness as  desired,  and  have  this  done  at  some  other  location,  then  the 
charge  will  have  to  remain.  The  charge  for  the  stable  b  made  because 
a  stable  is  an  additional  hazard  to  the  property.  The  hay  and  straw 
together  with  tlie  lights  which  are  usually  used  about  a  stable  fur- 
lush  additional  opportunity  for  a  fire  starting,  hence,  this  additional 
charge. 

Oid-Time  Manufacturing  Schedule.  The  old-time  manufact- 
uring schedule  would  represent  the  next  step  in  passing  to  a  higher 
example  of  rating.  For  an  illustration  a  hand-power  piano  factory 
in  an  ordinary  building  will  be  taken. 

Base  rate $1.75 

Sky  liRht^ 05 

Communications  (two  sides  approved) .10 

Area  (18,8o0  square  feet  with  two  di\i8ion  walls) .24 

Fire  pails  (none) .10 

Watchman  service  (none) .05 

Henzine  (ten  jjalUms) .25 

Dry  roinn  (non-stiindanl) .10 

Total $2:64 

This  rate  i)rosents  sovenil  points  where  improvements  may  be  made 
as  in  the  sky  lights,  fire  jwiils,  watchman  service,  reduction  in  the 
amount  of  Ix^nzine  ustni,  ami  the  making  of  the  drj'-room  standard. 
In  regard  to  the  charge  for  area  it  should  be  noted  that  the 
scht^lule  jxTmits  without  a  charge  five  thousand  square  feet.  For 
each  additional  five  thousand  square  feet  or  fractional  part  thereof 
a  charge  of  twenty  ciMits  is  made,  hence,  there  would  be  an  addi- 
tional diarge  of  thirty  cents,  but  this  is  subject  to  a  reduction  of 
twenty  jkt  cvnt  because  two  division  walls  are  in  the  risk,  thus 
afTording  some  oi)portunity  of  confining  a  fire  to  a  smaller  area,  so 
the  actual  charge  for  area  is  twenty-four  cents.  Enough  examples 
have  In^en  given  to  furnish  an  idea  of  how  various  schedules  operate. 
The  examples  given  are  not  the  most  difficult  neither  are  they  the 
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simplest.  The  effort  has  been  to  make  them  progressive,  that 
the  student  might  observe  how  the  problem  grows  more  complex  as 
business  conducted  increases  in  hazard. 

Miscellaneous  Schedules.  The  interest  in  -connection  with 
the  subject  of  rating  is  almost  entirely  wrapped  up  with  the  specific- 
ally rated  risks.  These  are  the  risks  where  the  values  rise  into  mil- 
lions, and  which  differ  so  in  their  areas,  construction,  hazards,  the 
business  conducted  and  multiplicity  of  tenants,  as  to  make  it  abso- 
lutely necessary-  to  handle  each  property  specifically  in  order  to 
secure  just  results.  A  list  of  the  schedules,  as  they  are  termed, 
which  are  used  will  serve  two  purposes.  It  will  show  the  variety, 
and  at  the  same  time,  show  the  class  into  which  the  properties  fall 
for  insiu^nce  pmposes.  The  list  given  is  perhaps  typical  of  all 
rating  organizations,  although  it  may  be  somewhat  larger  than 
many  of  them  have.  There  is  a  schedule  for  churches,  piers,  brewer- 
ies, electric-light  and  power  stations,  repair  shops  of  electric-light 
and  power  stations,  car  sheds  or  barns  of  electric-light  and  power 
stations,  fireproof  electric-light  and  power  stations,  sugar  refineries, 
chemical  plants,  hotels  (fireproof  and  non-fireproof),  ferrj-  houses, 
theaters,  and  like  places  of  amusement.  It  will  be  noticed  that  this 
list  covers  properties  which  are  usually  constructed  for  a  specific 
purpose  as  shown  by  their  names,  church,  theater,  etc.  For  that 
reason,  the  schedule  takes  the  name  of  the  property.  These  properties 
are  not,  as  a  rule,  readily  adaptable  to  any  uses  other  than  those  for 
whicli  they  are  originally  designed.  The  investments  are  generally 
continuous  during  their  existence  for  the  purposes  for  which  they 
were  erected.  Hence,  the  underlying  reason  for  making  schedules 
to  determine  the  rate  of  insurance  for  such  classes  is  based  on  the 
idea  that  the  schedule  should  take  into  consideration  the  normal 
manner  of  constructing  such  properties,  the  use  to  which  they  are 
put,  and  base  its  rate  and  charge  accordingh*.  The  treatment  of  a 
church  must  be  quite  different  from  the  treatment  of  an  ordinary 
factor}'.    The  same  is  true  of  a  ferry  house  or  a  hotel. 

Minor  schedules,  based,  not  on  special  buildings,  but  yet  adapted 
to  the  specific  occupancy,  are  those  for  furnished  rooms  and  lo<Iging 
houses,  the  latter  meaning  the  cheajx^  sort  of  lodging  house  wliich 
is  perhaps  only  found  in  larger  cities.  However,  after  all,  these 
special  classes  have  been  taken  care  of,  it  is  evident  that  there  re- 
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mains  a  large  number  of  buildings,  some  thousands  which  are  between 
the  minimum-rated  class  and  the  specific  classes  referred  to.    To 
take  care  of  these,  schedules  have  been  provided  which  are  capable 
of  a  variety  of  uses  and  this  variety  makes  them  adaptable  fcH*  the 
purpose.    There  is  a  general  manufacturing  schedule,  one  for  apart- 
ment houses  or  stores  and  dwellings,  which  are  too  large  to  be  handled 
safely  by  the  minimum  rate,  and  usually  a  general  schedule  being 
simple  in  its  make-up,  which  is  adaptable  to  risks  too  indefinite 
in  their  character  to  fall  either  into  the  mercantile  or  manufacturing 
class.    The  main  general  schedules  will  be  the  heavy  manufaduring 
schedule;  and  the  mercantile  schedule,  the  latter  being  designed  to 
take  care  of  the  great  body  of  mercantile  and  light  manufacturing 
risks.   The  number  of  properties  to  which  these  schedules  apply  can 
best  be  shown  by  taking  a  live  city  which  gives  actual  conditions. 
In  New  York  City  there  are  probably  350,000  buildings.    Of  this 
number  one  building  in  seven  is  subject  to  a  specific  rating.    This 
leaves  300,000  buildings  which  fall  into  the  minimiiTp  rating  dass. 
Of  this  number  100,000  are  apartment  houses,  or  according  to  the 
legal  New  York  definition,  tenements,  that  is,  they  have  provision 
for  housekeeping  for  three  or  more  independent  families.     This 
leaves  nearly  200,000  buildings  which  are  occupied  as  private  dwell- 
ings or  by  one  or  two  families.    In  the  group  of  50,000  buildings 
which  are  subject  to  si)ecific  rating  the  actual  numbers  of  the  differ- 
ent classes  are  alxiut  as  follows:    There  are  200  hotels;  100  theaters; 
50  ferry  hous(*s;   10  chemical  plants;  the  same  number  of  sugar 
refineries;  1(X)  electric-light    and  jwwer  stations,  car  houses,  etc.; 
1 ,500  plac^es  of  worship ;  400  piers,  and  100  breweries.  It  will  be  noticed 
then,  that  even  in  number  the  si)ecific  schedules  cover  only  a  few 
])roperties  leaving  the  great  bulk  to  be  taken  care  of  by  the  two  or 
three  general  schedules  which  are  compiled  for  that  purpose. 

The  iniix)rtancc  of  the  sprinkler  and  the  gradual  evolution 
which  has  taken  place  in  its  installation  and  also  in  the  increased 
allowance  which  is  made  for  it  has  led,  with  experience,  to  the  devis- 
ing of  a  si>ccial  schedule  to  measure  its  value. 

ILLUSTRATIVE  EXAMPLES 

A  few  examples  of  the  si>ecial  schedules  will  be  interesting  and 
possibly  helpful. 
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2.  Pier  Schedule,  This  deals  with  a  type  of  hazard  that 
represents  but  a  few  points  owing  to  the  simple  construction  of  the 
property. 

Ordinar>'  frame  construction  with  corrugated  iron  aides  and  metal  or 
gravel  roof,  Standard  rate 


Pier    of 


No. 


R 


ADD 

All  \V(hkI 25c.  to  50c. 

Two  Stories 10c.  to  15c. 

Boiler  on  Pier 15c.  to  25c. 

Age  and  General  Condition 15c.  to  25c. 

Fiber 15c.  to  25c. 

Unprotected  Columns 5c.  to  10c. 

Watchman 5c.  to  10c. 


DEDUCT 

Iron  Frame  and  Construction 10c.  to  35c, 

Pump,  Hydrants,  Stand  Pipes ^ 

Hose-rea^v,  Buckets  every  50  feet y  10c.  to  35c, 

Special  cafl ) 


3.     Manufacturing  Schedule.    This  manufacturing  schedule  is 
now  in  use  and  has  been  for  over  twenty  years,  if  not  longer. 

Minimum  Hazard  Rate 

Add  for  dcficiencios: 

(1)  Walls,  frame  or  not  standard 50 

Part  frame 25 

(2)  Roof  not  standard 05 

Mansani  acrordinK  to  exposure 05] 

Skylights 05 

(.S)    Cornice  not  standard 05 

{■I)    Height,  each  story  above  rt  or  (>()  f(»et.  .  . 05 

(5)    Floors  not  standard 05| 

Ceilings 05" 

(t))    Fh)or  Openings,  unless  closed  in  accordance  with  standard 10; 

(7)    Shutters,  exposed  sides,  not  standard 

(s)    Coninumications 05 

{[))    Heating,  other  than  approved  steam  heat 05 

(10)  Lighting  other  than  approved  gas  or  electric  light 05 

(11)  (Iround  Area: 

Kach  additional  o.CXK)  square  f<H»t 10 

(12)  Fire  Appliances,  no  !)uckets  or  not  in  proper  order 10 

(13)  Watchman,  no  watchman,  or  watchman  without  approved  clock.   .05 

Charge  Discretionary 

(14)  Fire  Heat. 10 

(15)  Benzine  or  similar  product 10  to  .25 

(10)   Wood  Working,  unless  a  wood  worker 25 

Hand 10 
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iVn  For  each  additional  occupant 
1^   For  Expoeure,  bad  construction  or  condition,  charge  according  to 
hazard 

(19)  Waate,  not  properly  cared  for 05 

Hazard  deficiencies: 

(20)  Oiling,  Vamishins,  Paintins 05  and  up 

(21)  Storage,  Paints,  OiL  Varnish,  Turpentine,  Alcohol 10  and  up 

(22)  Drying,  except  in  nreproof  room 10  and  up 

(23)  Storage  or  use,  Hay  or  Straw 05  and  up 

24)    

25)    


f 


The  final  rate  would  be  the  contents  rate,  the  building  taking  a 
percentage  of  the  contents  rate. 

4.  Theater  Schedule.  This  schedule  illustrates  a  somewhat 
different  principle  as,  in  addition  to  providing  the  charges  which 
are  to  be  made  in  addition  to  the  base  rate,  it  also  furnishes  oppo- 
site each  item  the  standard  for  which  no  charge  would  be  made. 


I 


STANDARD  REQUIREMENTS 

1)  Building— Brick  or  Stone. 

2)  "A" — Walls — As  required  by  building  laws  and  ordinances.  Proscenium 
wall  between  entire  stage  section  (drying  rooms,  scene  dock,  property 
rooms,  repair  shops,  and  stage)  and  auditorium  to  start  from  foundation 
below  stSHge  and  extend  5  feet  in  the  clear  above  the  roof  line  and  above 
any  skylight  and  coped.  Also  charge  for  other  structural  defects,  except 
unprotected  iron  work,  under  this  item. 

''B" — The  stage  opening  as  arranged  for  curtain  shall  have  an  approved 
curtain  of  asbestos  fiber,  woven  into  cloth,  and  curtain  shall  be  used  as  drop 
curtain  at  all  performances.  All  other  openings  to  be  protected  with  standard 
fire  doors  on  each  side  of  wall  except  opening  to  musicians'  pit  which  requires 
but  one  door. 

(3)  Roof — To  be  covered  with  slate  or  metal  or  approved  composition;  stage 
roof  to  have  approved  skyUghts  arranged  to  open  automatically,  and  rope 
brought  down  to  stage. 

(4)  Cornice — To  be  of  brick  or  stone  or  all  metal;  no  exposed  woodwork 
at  cornice. 

(5)  Heating — To  be  by  approved  steam  appliance;  the  boiler  to  be  in  separate 
building,  or  in  fireproof  room  securely  cut  ofT  by  standard  automatic  fire 
door  on  one  side  of  wall.  No  charge  for  stoves  in  premises  of  mercantile 
tenants. 

(6)  Lighting — To  be  approved  electric  lights;  incandescent  lights  only  on 
stage  with  emergency  sas  fixtures  in  auditorium.  Bunch  lights,  electric, 
not  required  to  be  caged. 

(7)  Fire  Protection — At  each  side  of  the  proscenium  opening  on  the  stage, 
one  3-inch  standpipe,  with  one  hose  connection  on  the  stage  and  on  each 
ride  of  the  flies;  gate  valves  to  be  used  at  each  hydrant  with  25  feet  of  2}-inch 
standard  cotton  hose;  and  one  brass  hose  pipe  (IJ-inch  opening)  attached 
to  hose.  Standpipes  to  be  connected  with  elevated  tank  on  roof,  unless  city 
water  pressure  is  sufficient.  One  3-inch  hose  connection  in  lobby,  with  50 
feet  2Hi^ch  hose. 

(8)  Warranty  No.  1 — Requires  that  the  assured  shall  keep  a  forty-gallon 
barrel  filled  with  water,  also  six  buckets  filled  with  water,  one  fire  extinguisher, 
two  axes  and  two  hooks  on  each  fly  gallery,  on  each  side  of  the  stage,  and  in 
property  room,  repair  shop  and  paint  shop.  In  addition  to  warranty  r&- 
quirements,  equipment  as  above  must  be  installed  under  stage. 
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(9)  Warranty  No.  2 — Requires  that  the  assured  shall  maintain  a  night  and 
Sunday  watchman  with  watch  clock,  ha\4ng  stations  on  each  floor  of  the 
building,  and  on  rttagc  and  each  fi^  gallery  and  in  property  room,  f^ff^ 
Hhop  and  paint  shop,  and  a  Special  Building  Call  connection  with  Fht 
Department  Ii(*adquarter8. 

(lOj  Automatic  Spnnklers — Full  equipment  over  stage  per  requirements  of 
Hoard  of  Fin*  rndcrwritcrs. 

(11)  Ciluc  or  colors  to  be  heated  by  steam. 

(12)  Carpenter  shop  to  be  in  Aeparate  building  or  securely  cut  off.  U  used 
only  for  storage  of  tools,  no  charge. 

(13  J     Dn^^iiig  Rooms — In  separate  brick  building  securely  cut  off. 

(14)  Scenery  Ston^  Room — In  separate  brick  building  securdy  cut  off. 
Note — Items  12.  13.  14.  and  15  may  be  in  one  building. 

(l/i)     Pro|MTty  room  to  l>e  outside  and  cut  off. 
(1(>)     Smoking  —Not  to  be  allowed  except  in  play  as  required. 
(17)     \V:iste.  Sw(4»pings,  and  Rubbish — Removed  daily;  metal  receptacle  for 
waste  and  swtH*pings  wherever  required. 

(15)  Huihling  to  be  protectcxi  from  exposure  where  necessary;  to  have 
separate  exit  from  auditorium  and  stage;  to  be  kept  clean  and  ordoly 
throughout,  and  free  from  accumulations  of  old  scenery  and  properties. 

(19)  Single  Occupancy. 

(20)  Roof  (iarden  should  be  well  protected. 

(21)  Structural  Iron  Work  in  fireproof  buildings  should  be  protected. 

(22)  Work — Manufacturing  of  costumes  should  be  carried  on  outside  of 
building. 

A  detiuction  of  $1.00  shall  be  made  when  fifty  per  cent  or  more  of  the  use  of 
the  theater  is  for  other  than  theatrical  or  operatic  entertainments. 


Basis  Rat« 

CHARGES  FOR  DEFICIENCIES 

(1)  Building 

On<»-half  frame  or  less 90.50 

All  frame 1.00 

(2)  Walls 

A — Not  ar<"or(lin>;;  to  building  laws .25 

H — Proscenium  wall  not  according  to  standard .50 

{ No  a^hcstos  curtain,  antl  openings  not  properly  protected) 

(;}j    Koof 

Shinjilc   .25 

Non-appro\'(Mi  roof .05 

No  >kvliKht  in  sta^^e  roof,  or  not  arranged  to  open  automat- 

i<":tlly 25 

(4)     Cornice 

Wooil  boxed .05 

If  cornice  extends  without  break,  including  both  stage  and 

au«litoriurn .05 

(o)      Heating 

Heater  safely  arranj;(Hi .10 

Sto\'es  burning  coal  safely  arrangeil .10 

Steam  lieatin^c  not  approviii 10  and  up 

(0)      Lijihting 

Petr<»leinn .50 

(las 15 

launch  an<l  strip  lights  not  caRcd .25 

Rubber  t  uhing .10 

Swinjrini:  or  defective  gas  brackets .10 

(las  lights  in  the  (Iressing  room  not  caged .10 

(7)      Fire  i*rotection 

No  Stan  Ipipes,   hydrants  and   hose  with  approved  water 

•  supply .15 
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8)    Warranty  No.  1 10 
)    Warrant]^  No.  2 10 

(10)  Automatic  Sprinklers 

None 15 

(11)  Glue  or  Colors 

Heated  by  other  than  steam 10 

(12)  Carpenter  Shop  and  Electric  Repair  Shop 

In  building  or  in  building  not  securely  cut  on 10 

(13)  Dressing  Rooms 

A — Underneath  stage 15 

B — Not  underneath  stage  nor  in  separate  building 10 

(14)  Scenery 

Stored  on  stage .10 

Stored  in  attic  over  or  in  basement  underneath  auditorium 

or  under  stage 15 

(15)  Property  Room 

Under  stage .15 

Outside  but  not  cut  off 10 

(16)  Smokine 

Other  than  by  actors  as  required  during  the  play .10 

(17)  Waste,  Sweepings,  and  Rubbish 

Not  removed  daily .10 

No  metal  receptacles  for  waste  and  sweepings .10 

(18)  Add  for  exposure  according  to  rule,  and  condition  ac- 
cording to  hazard. 

(19)  For  one  additional  occupant 05 

For  two  or  more  additional  occupants .10 

(20)  Roof  Garden  if  any 25  to  .50 

(21)  Unprotected  Structural  Iron  Work,  not  more  than 50 

(22)  Work — If  costumes  made  in  building,  or  other  manu- 
facturing work 25  to  1.00 

NOTES 

In  rating  fireproof  theaters,  charge  50  per  cent  of  above  deficiencies,  and 
add  75  cents  to  building  rate  for  contents.  If  non-fireproof  theaters,  add 
50  cents  to  building  rate  for  contents. 

Reductions:  In  buildings  of  ordinary  construction,  and  having  wire 
lath-and-plastcr  finish  throughout,  10  per  cent  of  basis  rate.  In  buildings  of 
ordinary  construction  with  wire  lath-and-plaster  finish  throughout,  and  stage 
built  fireproof,  20  per  cent  of  basis  rate. 

Vestibule  Buildings:  In  vestibule  buildings  where  communications 
exist  in  basement  or  on  first  floor,  rate  by  mercantile  schedule  and  charge 
25  per  cent  of  theater  building  rate  additional  for  exposure.  If  communica- 
tion is  above  the  first  floor,  the  building  shall  take  the  same  rate  as  the  theater. 

Basis  Rates:     Non-fireproof,  $2.00;  Fireproof,  $1.00. 

If  standard  steel  curtain  installed  with  automatic  water  curtain  back  of 
same  deduct  25  cents  from  building  and  contents  rate. 

If  approved  sprinkler  equipment  in  entire  stage  section  having  two 
sources  of  supplv  independent  of  city  connection  stand  pipe  system,  also  con- 
nected with  both  sources  af  supply  deduct  15  cents  from  building  and  con- 
tents. 

Use  of  Base  Rates.  The  principle  involved  in  these  base-rate 
schedules  can  probably  be  best  shown  by  an  actual  example  of  the 
rate  on  a  paper  box  factory. 

Minimum  Hazard  or  base  rate $1.25 

(Roof,  not  standard)  composition .05 

Height,  6  stories 05 

Heating  (stoves) ^05 

Total $1.40 
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This  is  the  rate  on  the  contents,  and  the  rate  on  the  building  b  a 
percentage  on  this  rate,  usually  70  per  cent.  In  this  example  it  will 
be  noted  that  no  charg:es  are  made,  with  the  exception  of  the  base 
rate  and  three  other  items.  Everj'  other  charge  pro\ided  by  the 
schedule  is  not  made,  since  the  conditions  do  not  call  for  it. 

In  the  use  of  this  t^-pe  of  schedule  there  may  be  different  base 
rates,  but  there  is  slight  variation  in  the  other  charges.  The  base 
rate  is  usually  a  fixe<l  amount.  In  the  case,  however,  of  one  or  two 
businesses  it  is  a  small  rate  in  itself.  Thus,  in  the  case  of  prinien, 
the  base  rate  is  made  up  something  as  follows: 

Initial  base  rate $.80 

This  is  for  an  ordinary  job  printer,  foot  power  with  not  exceeding 

three  job  i)resses.    Should  he,  however,  use  some  form  of  mechanical 

power,  an  additional  charge  of  fifteen  cents  is  made.    If  the  nunoiber 

of  presses  exceed  three  an  additional  charge  is  made  for  the  increased 

number  of  i)resses,  generally  five  cents  for  each  three  job  presses, 

or  one  cylinder  in  addition  to  the  three  job  presses  or  one  cylinder 

alloweil  by  the  base  rate.    Finally,  if  the  presses  are  above  the  first 

fl(M)r,  thus  rendering  them  more  dangerous  to  themselves  or  to  the 

pn)perty  in  the  event  of  a  fire,  since  the  hea\'>'  presses  tend  to  weaken 

the  building  and  to  break  down  the  floor,  an  additional  charge  is 

made,  generally  of  one  cent  for  each  fl(K)r  above  the  first  on  which 

tht'  ])ress  is  locattMl.     A  typical  base  rate  for  a  printer,  therefore, 

may  be  made  up  as  follows: 

Initial  clKirpt' $0.80 

Powrr .15 

")  cvliinicr  pn^s<»s.  in  all,  additional  chiirges .20 

1th  floor  hrij^ht  charge .15 

Total  base  rate SI. 30 

The  charge  of  twenty  cents  for  extra  presses  is  five  cents  for  each 
cylinder  ])ress  in  addition  to  each  one  allowed  in  the  base  rate.  The 
charjrt*  for  heijjht  above  grade  is  one  cent  for  each  stor>'  that  each 
])n\ss  is  above  the  grade.  Each  press  in  this  case  is  three  stories 
above  grade.  Hence,  for  the  five  ])resses  we  have  a  charge  of  fifteen 
cents.  Therefore,  in  rating  a  printer  it  is  necessary'  first  to  deter- 
mine the  base  rate  that  a])])lies  and  when  that  is  done  to  then  examine 
the  ])ro]>erty,  to  see  if  any  of  the  other  charges  should  be  made.  A 
schedule  is  simply  a  measuring  rod,  its  purpose  being,  in  brief,  to 
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measure  the  risk.  In  fireproof  properties,  as  distinguished  from 
non-fireproof,  certain  charges  are  not  of  so  much  moment  because 
of  construction'of  the  building,  while  in  a  non-fireproof  every  hazard 
practically  affects  the  whole  property  since  a  fire  at  any  one  point  is 
apt  to  spread  throughout  the  building.  That  is  the  reason  why  in  a 
non-fireproof  risk  of  any  serious  hazard  that  one  rate  generally  will 
apply  throughout. 

All  that  has  been  presented  has  been  to  pave  the  way  for  the 
consideration  of  the  most  important  schedules,  the  Universal  and 
the  Analytic. 
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PART  II 


.• 


UNIVERSAL  ilERCANTILE  SCHEDULE 

It  has  been  an  ideal  towards  which  underwriters  have  steadily 
woricfid  to  produce  a  schedule  that  should  be  capable  of  rating  all 
Jdnds  of  risks  and  thus  abolish  the  variety  of  schedules  which 
it  has  been  pointed  out  are  in  use.  There  is  a  general  agreement 
•mong  all  interested  in  the  business  thataschedule  capable  of  universal 
aiqdication  is  one  of  the  most  desirable  things  in  the  business  today. 
.But  it  is  still  some  time  in  the  future  before  that  point  will  be  reached 
or  before  a  schedule  will  be  produced  capable  of  answering  the  pur- 
poae.  Two  attempts  to  accomplish  this  have  been  made,  both 
]Mitially  successful.    The  first  is  known  as  the  Universal  Mercantile 

lule.  It  probably  originated  with  F.  C.  IMoore,  formerly 
president  of  the  Continental  Insurance  Company,  but  various 
jOominittees  were  appointed  who  co-operated  in  the  matter.  The 
jdiedule  was  tested  out  in  six  preliminary  editions  and  in  the  year 
.1803j  it  was  published  practically  as  it  is  today.  Tlie  schedule 
ahouU  be  allowed  to  speak  for  itself  at  least  in  the  beginning  and 
|fc  lays  claim  to  the  following  seven  fundamental  principles. 

Fundamental  Principles.  (1)  A  schedule  should  recognize  a 
key  rate  as  a  starting  point,  viz :  The  rate  of  a  building  of  standard 
oobstruction  in  a  standard  environment,  i,  e.,  in  a  city  presenting 
*  llie  most  favorable  conditions  for  the  prevention,  discover^',  extinc- 
'.tbm,  and  confinement  of  fires  to  single  buildings;  and  that  the  differ- 
ence  between  the  starting  point,  or  base  rate,  of  one  city  as  com- 
pared with  another  should  be  explainable  by  charges  for  variation 
from  standard.  Unless  differences  between  two  cities  as  to  the 
■same  character  of  structure  are  explainable,  jealousies  and  antag- 
onisms will  result  in  developing  adverse  legislation. 

(2)    Inasmuch  as  all  the  risks  of  a  city  can  not  have  the  maxi- 

Copyrioht,  1919^  by  A  merican  School  of  Correapondenee, 


359 


38  FIRE  INSURANCE  RATING 

mum  benefit  of  the  fire  department,  especially  where  street  water 
mains  are  of  inadequate  sizes,  it  is  clear  that  all  risks  in  the  city 
should  not  be  rated  alike,  even  though  identical  in  construction  and 
occupancy,  but  that  they  should  differ  according  to  the  sizes  of  street 
mains,  proximity  to  hydrants,  fire  engine  houses,  etc. 

(3)  Certain  features  of  construction,  like  self-releasing  floor 
beam,  for  instance,  which  improves  a  building,  are  of  no  benefit  to 
the  stock.  The  stock,  therefore,  should  not  receive  credit  tor  them 
in  the  rate.  A  system  of  rating  which  adds  some  fixed  sum  to  the 
final  building  to  get  the  stock  rate  must  of  necessity  result  in  an 
inadequate  stock  rate. 

(4)  Fire  extinguishing  appliances,  especially  fw  throwing 
water,  should  not  receive  credit  in  computing  the  rates  of  stocks  to 
the  same  extent  as  in  computing  the  rates  of  buildings,  because 
water  throwing  damages  stocks  to  a  greater  extent  than  buildings. 

(5)  Exposure  in  the  case  of  buildings  should  be  treated  diffe^ 
ently  from  stocks.  A  building  may  be  so  constructed  as  to  be  a 
complete  protection  to  its  stock,  but  require  a  charge  in  its  own  rate 
for  possible  damage  to  its  exterior  paint,  etc.,  etc. 

(6)  The  rate  of  a  stock  should  approach  that  of  the  building 
containing  it  in  proportion  as  the  latter  is  of  poor  construction, 
liable  to  be  totally  destroyed,  and  in  proportion  as  it  is  deficient  in 
fire  extinguishing  appliances;  whereas,  there  should  be  a  great  differ- 
ence between  the  rate  of  a  building  and  its  stock  if  the  building  b 
of  standard  construction  and  its  fire  extinguishing  appliances  are  of 
the  best.  And  this  difference  in  rate  should  never  be  determined  as 
a  matter  of  judgment  but  by  some  automatic  process  which  will 
adjust  the  difference  in  rate  to  the  conditions.  Unlike  other  sched- 
ules, the  Universal  has  provided  for  this  ntally  important  feature. 

(7)  The  fire  record  of  a  city  should  be  taken  into  account  in 
computing  rates,  both  at  the  beginning  and  ending  of  the  term  for 
which  the  rate  is  coni])ute(l.    The  Universal  Schedule  recognizes  this. 

The  Universal  Mercantile  Schedule,  with  the  exception  possibly 
of  the  city  of  Rochester,  where  it  was  first  applied  almost  in  its 
original  form,  has  not  been  used  exactly  as  printed  in  any  city  or 
town.  It  should  not  be  inferred  from  this  that  radical  changes  hsxt 
been  made  in  the  schedule  itself.  The  difficulty  attending  a  Universal 
Schedule  is  that  conditions  are  not  the  same  in  any  two  cities,  prob- 
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Gtbly,  in  the  world,  and  when  there  is  added  to  the  larger  cities  the 
variety  of  conditions  found  in  the  country  districts,  it  is  not  difficult 
to  realize  that  a  schedule  to  meet  all  conditions  without  any  modi- 
Bcation  would  represent  the  work  perhaps  not  of  men  but  of  beings 
of  some  higher  power.  When  applied  to  different  parts  of  the  coun- 
try the  schedule  has  then  been  adapted,  so  to  speak,  but  its  prin- 
ciples, we  believe,  have  been  fairly  followed.  The  schedule  repre- 
sents probably  the  first  attempt  to  approach,  in  a  scientific  spirit  at 
least,  the  question  of  rating  properties  for  fire  insm*ance  purposes. 
Certain  charges  which  appear  in  all  schedules,  almost  from  the 
beginning,  appear  in  the  Mercantile.  It  is  possibly  the  final  expres- 
sion, in  the  process  of  evolution,  towards  a  schedule  which,  although 
built  somewhat  on  the  old  lines,  still  involved  many  new  principles 
which,  if  recognized  before,  had  not  been  used. 

No  conmient  on  any  of  the  various  items  which  enter  into  any 
schedule  has  been  made  up  to  this  point.  This  is  due  to  the  fact 
that  it  was  desired  to  reserve  all  comment  and  elucidation  of  the 
(rarious  items  of  rating  schedules  until  the  universal  was  reached. 
This  is  the  wisest  course  to  piu^ue  because  its  use  in  so  many  cities 
makes  it  a  more  or  less  familiar  document  and  because  it  contains 
vrithin  itself  the  best  of  the  good  things  found  in  the  old  schedules. 

In  the  cities  of  Boston,  New  York,  Philadelphia,  Chicago,  and 
others  the  schedule  has  had  a  ver>'  complete  test  and  had  a  very 
wide  use.  It  was  applied  in  the  early  '90*s  to  quite  a  number  of 
risks  in  Brooklyii,  but  in  the  year  1900,  shortly  after  the  forma- 
tion of  the  present  rating  body.  The  New  York  Fire  Insurance 
Exchange,  it  was  formally  adopted  for  that  territory.  The  varying 
:x>nditions  which  are  found  in  the  city  of  New  York,  the  large  num- 
ber of  buildings  to  which  it  has  been  applied,  makes  the  schedule 
£is  used  in  that  territory*  the  best  one  on  which  to  base  comments. 

The  schedule  properly  falls  into  th^se  divisions: 

A.  The  key  rate. 

B.  The  building  deficiency  charges. 

C.  The  occupancy  charges. 

D.  The  reductions  for  fire  extinguishing  appliances. 

E.  The  exposure. 

F.  The  coinsurance. 

G.  Faults  of  management. 
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In  the  scheduler  which  hjive  been  illustrated  thus  far,  it  will 
be  note<l  that  the  bast*  rate  was  i^nerally  a  lar^e  amount.  To  take 
the  inanufaetiiring  schetiule  as  an  illustration,  the  base  rate  for  a 
IKijKT  box  factory  was  SI. 25.  It  was  never  expressed  but  this  base 
rate  undoubttnlly  rei)n\sente<l  the  rate  at  which,  in  the  judgment  of 
the  underwriters,  a  imjht  Ik)X  factory  could  be  written,  i»ovided 
that  none  of  the  conditions  which  made  necessary*  an  additional 
charge,  existtnl  in  the  risk.  In  an  ideal  risk,  in  other  words,  under 
the  old  system,  the  rate  wouhl  have  been  the  base  rate  and  never 
more,  and  as  ideal  risks  do  not  exist,  but  real  live  risks,  departures 
from  the  ideal  were  measunxl  by  the  deficiency  charges  on  the  sched- 
ule. These  deficiency  charges  only  amounted  to  ten  or  fifteen  items 
and  n*presi»nttHl  the  ]M»ints  which  it  was  necessary  to  consider  in 
rating  a  proiK»rty  under  that  system.  On  the  Universal  Mercantile 
Sclunhile  noii-fin»pnH)f,  a  iH)ssible  125  points  may  be  considered  in 
rating  a  pn)ix'rty.  The  diflFert*nce  between  the  number  of  points 
lK»twtH.Mi  the  two  systems  illustrates  the  refining  process  whidi  is 
providtnl  for  in  the  Universal. 

Making  a  Key  Rate.  Turning  now  to  the  details,  the  key  rate 
is  the  first  thing  to  l)e  consideretl.  The  key  rate  embraces  those 
factors  which  affect  the  problem  of  fire  insurance  and  which  are 
beyond  the  control  of  the  inider\\Titer;  things,  in  other  words,  with 
which  the  underwriter  will,  in  a  wrtain  sense,  have  but  little  to  do. 
They  repn»sent  conditions  which  ai)ply  to  the  city  or  town  as  a 
]M»litical  unit  rather  than  to  conditions  which  affect  the  indi\ndual 
risk  and  which  may  he  inodifiinl  by  improvements  or  clianges  in  the 
individual    risk. 

*'»S7(///(/(/n/  r//y/"  Dcfimd.  The  schedule  assumes  the  standard 
city  and  defines  it  as  follows:  **A  Standard  City  is  one  haNing 
gravity-  waterworks,  with  head  sufficient  at  all  hours  to  throw 
over  five-story  buildings.  The  main  supply  pipe  to  be  in  duplicate 
unless  internicdiate  storagi*  reservoir  l)e  j)n>vided.  Water  pipes  and 
inain.>  to  In*  not  less  than  six  inches  in  diameter  in  dwelling  section, 
an<l  not  le>s  than  eight  inches  (as  a  minimum)  in  mercantile  section 
(they  (Hight  to  be  ten  aiul  twelve  inches);  a  paid  fire  department, 
\'l  men  to  each  steamer;  not  less  than  two  steam  fire-engines  to 
each  xjiiare  mile  of  eoni])aet  ]H»rtion,  or  one  to  each  10,000  popula- 
tion uj>  to  .")n(»,0(M)  population;  h(H>k  and  ladder  trucks,  one  to  eveiy 
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four  steamers;  fire-alarm  telegraph;  efficient  police;  paved,  macadam- 
ized, or  other  hard  streets,  the  majority  of  which — say  60  per  cent 
— are  seventy  feet  or  more  in  width;  a  good  building  law,  well  en- 
forced; no  outlying  exposures,  such  as  lumber  districts,  etc.,  to  cause 
sweeping  fires;  no  imjust  municipal  and  State  taxation,  and  a  previous 
five-year  fire  record  of  not  exceeding  $5  annual  fire  loss  to  each  $1 
of  insurance." 

Standard  Building  Defined.  The  schedule  then  assumes  and 
defines  a  standard  building:  ''A  Standard  Building  is  one  having 
walls  of  brick  or  stone  (brick  preferred),  not  less  than  twelve  inches 
thick  at  top  story  (16  inches  if  stone),  extending  through  and  36 
inches  above  roof  in  parapet  and  coped,  and  increasing  4  inches 
in  thickness  for  each  story  below  to  the  ground — the  increased 
thickness  of  each  story  to  be  utilized  for  beam  ledges.  Ground 
floor  area  not  over  2,500  square  feet  (say,  25X100);  height  not 
over  four  stories,  or  50  feet;  floors  of  2-inch  plank  (3  inches 
better)  covered  by  }-  or  1-inch  flooring,  crossing  diagonally,  with 
waterproof  paper  or  approved  fire  resisting  material  between  (if 
tin  or  sheet-iron  between,  see  deductions);  wood  beams,  girders, 
and  wood  story  posts  or  pillars  12  inches  thick,  or  protected 
iron  columns;  elevators,  stairways,  etc.,  cut  off  by  brick  walls  or  by 
plaster  on  metallic  studs  and  lathing,  co^imunications  at  each  floor 
protected  with  approved  tin-covered  doors  and  fireproof  sills;  win- 
dows and  doors  on  exposed  sides  protected  by  approved  tin-covered 
doors  and  shutters;  walb  of  flues  not  less  than  eight  inches  in  thick- 
ness, to  be  lined  with  fire-brick,  well-burned  clay  or  cast  iron,  and 
throat  capacity  not  less  than  96  square  inches  if  steam-boilers  are 
used;  all  floor  timbers  to  be  trimmed  at  least  4  inches  from  out- 
side of  flue;  heated  by  steam;  Ughted  by  gas;  cornices  of  incombustible 
material;  roof  of  metal  or  tile;  if  partitions  are  hollow  or  walls  are 
furred  off  there  must  be  fire-stops  at  each  floor." 

The  basis  rate  of  a  Standard  Building  in  a  Standard  City  is 
taken  at  25  cents. 

Deficiencies  and  Credits.    Haxdng   assumed  this   standard   it 
then  furnishes  a  list  of  deficiencies  and  credits  which  will  enable  the 
key  rate  to  be  established  for  any  city  or  town  and  in  this  list  the 
following  points  are  taken  into  consideration: 
(1)    The  non-fire  department  towns. 


3e3 


42  FIRE  INSURANCE  RATING 

(2)    Waterworks,  the  consideration  of  which  is  divided  into  the 
following  heads: 

(a)  Not  gra\nty,  but  direct  pressure, 

(b)  Pumps  not  in  duplicate 

(c)  Direct  pressure.    Pumps  operated  by  steam  power. 
Pumping  machinery-  duplicate, 

(d)  Same  as  (c),  but  pumps  not  in  duplicate, 

(e)  Direct  pressure,  but  neither  standpipe  ncwp  reservoir  with 
a  10  hours'  supply, 

(f)  Pumping  station  endangered  so  as  likely  to  be  put  out  of  use, 

(g)  If  the  supply  mains  not  duplicate, 

(h)    Pipes  in  mercantile  section  less  than  8  inches  or  hydrants 

less  than  6-inch  barrels, 
(i)     Water  supply  only  from  wells  or  dstems  or  natural  streams, 

(3)  No  steam  fire  engines  or  only  one, 

(4)  Hose, 

(5)  Fire  alarm  telegraph, 

(6)  Police  organization, 

(7)  Fire  department  organization,  none, 

(8)] 

(9)  >  If  fire  department  less  than  standard, 

(10)J 

(11)  Fire  department  but  not  free  from  political  control, 

(12)  Volunteer  fire  department, 

(13)  No  fire  marshal, 

(14)  Unpaved  streets,    exceeding    10%,    impassible    during    bad 
weather, 

(15)  If  40%  of  streets  in  mercantile  section  less  than  70  feet  wide, 
(10)     Xo  building  law,   or  not  well  enforced, 

(17)  Trolley  wires, 

(18)  Conflagration  hazard, 

(19)  Natural  gas  or  oil  or  fuel, 

(20)  High  winds, 

(21)  Previous  fire  records, 

(22)  Exceptional  features  of  a  city.  Exceptional  bad  features  of  a 
city,  as  in  a  southern  city  where  the  water  main  bringing  the 
water  supply  crossed  a  wchkI  bridge,  the  construction  of  the 
bridge  meant  no  water  for  the  city. 
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It  IS  evident  from  the  above  that  every  point  mentioned  is 
beyond  the  control  of  the  underwriter  or  the  individual  property 
owner.  They  may  help  or  assist  in  raising  the  city  standard  in  any 
one  or  all  of  these  things,  but  cannot  of  their  own  will  cause  them  to 
be  supplied.  The  key  rate  makes  certain  provision  for  some  things 
which  may  be  in  excess  of  the  standard:  (1)  Chemical  engines  on 
wheels;  (2)  Auxiliary  steamers  where  the  city  has  a  gravity  water- 
works system;  and  (3)  A  hook  and  ladder  to  serve  four  steamers. 

Choice  of  Key  Rate.  While  one  key  rate  might  normally  be 
computed  for  the  city,  it  is  not  infrequently  the  case  that  in  a  great 
many  respects  a  large  city  may  have  in  some  sections  certain  faciUties 
far  beyond  the  standard  and  in  others  be  only  normal  or  even  below 
the  standard. 

From  what  has  been  stated,  it  will  be  evident  that  computation 
of  a  key  rate  is  a  matter  of  applying  a  small  schedule  to  the  city  or 
district  chosen.  There  must,  of  course,  be  a  full  report  made  on  the 
various  features  which  enter  into  the  key  rate  and  these  features 
will  then  be  measured  by  the  standard  set  up  in  the  key  rate.  In  the 
average  large  American  city  the  key  rate  ought,  under  modern  con- 
ditions, not  to  exceed  twenty  cents.  It  ver>'  seldom  need  run  above 
twenty-five  cents  and  it  shows  rather  a  bad  condition  if  it  does  so. 

The  value  of  a  key  rate,  as  made  up  by  a  schedule,  is  that  it 
serv'es  to  emphasize  the  weak  points  in  the  city  concerning  fire  pre- 
vention. It  also  emphasizes  the  strong  points.  The  key  rate  once 
chosen,  then  the  individual  schedule  comes  into  use. 

SCHEDULE  FOR  NON-FIREPROOF  BUILDING 

It  is  now  a  question  of  applying  the  schedule  to  the  individual 
risk.  One  which*is  in  actual  use  will  serve  as  a  text  for  the  non-fire- 
proof building. 


Map Survey   No. 

Location 

FULL  SURVEY 


OCCUPANCY-IMPROVEMENTS 
DETAILS  OP  PLOOR  OPENINGS 


STANDARD  BUILDING  is  one  having  walls  of  brick  or  stone  (briclc  preferred),  not 
than  twelve  inches  thick  at  top  story  (16  inches  if  stone),  extending  through  and  24 
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inches  above  mof  In  paniH>t  and  cup<*d.  an<l  Incrraffinfc  4  Inches  In  tUdoMM  fbr  radi 
Ktoo'  lx*low  to  the  (irouml.  th«'  inrn'aMtl  thickni'M  of  vmch  8t€»y  to  be  utUlicd  for  beun 
IcclRiw.  (t round  floor  an-a  not  ovi*r  2..'»00  wiuan^  fivt :  height  not  over  four  storlei.  or  50 
f(vt;  floon  of  2-inrh  pUnk  covt-rtMl  liy  !•  or  1-lnch  flooring.  criMBlnc  dJagoDAlly,  with 
«at4iiiroor  paper  or  appnivi'd  fln^-rcsbitlng  material  between:  wood  br*ma.  gtaden. 
and  wood  Ntiir^-  pcKtsi  or  pillarM  12  inrhfs  thick,  or  protected  Iron  ooliunns:  eievatora. 
fitalrways.  etc..  cut  off  by  brii'k  walls,  conimunicationai  at  each  floor  protected  with 
apprtivcd   tin-cov«-nMi  d«NirM  and  fin -proof  silki;  windows  and  doora  on  exposed  sides 

tinttc^'tcd  by  approvt^i  tin-ctivcrt*d  diMirs  and  Hhuttcrm:  walls  of  flues  not  less  than  8 
ncheH  in  thlckncsit.  to  Im*  llni-d  with  tln*-brick.  woll-bumcd  clay  or  cast-iron,  and  throat 
capacity  not  Ii-sh  than  \h\  miuatv  Inchi's  If  stram  boilers  are  used:  all  floor  timbers  to  be 
trimnud  at  least  4  inrhfs  fmm  outNid«<  of  flue;  h«*ated  by  steam:  lighted  by  gas:  cor- 
niii-M  of  lnix>niba«til>le  material:  nmf  of  metal  or  tile:  If  partitions  are  hollow  or  waDs 
are  furred  off  then*  mast  1m'  tire  sto|M  at  each  tiiwr. 

WAU.S.--A  St  %  Nil  %  Kb  lM>i:Fi:Nitft:NT  Wall  should  be  13  Inches  at  the  top  story,  and 
Incn'asf  4  inrhc^  fur  «'a<*h  Mury  to  the  lx)ttom.  This  would  require  if  three  stories. 
12  pliLs  lit.  phi.'«  20.  total  4H.  dividi^l  by  3.  or  an  avi^rafce  of  IG  Inciies:  a  4-story  standard 
wall  would  avi-ruK*'  I-h  inrhi-M:  .'i-story.  20  inches:  &-stor>'.  22  inches:  7-story.  24  mches. etc. 
(Stoni'  walU  inu.Ni  aviTSKe  4  inrheH  thicker  each  stor>'). 

A  St%>-uari>  Paktt  Wall  should  averaffe  for  a  3^tory  building  20  Inches :  4-story.  22 
inches-.  .Vstory.  24  lnch«>s:  t>-story.  26  inchiM:  T-story.  2K  Inches.  (Stone  walls  must 
average  4  inches  thicker  each  story.) 
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KEY  RATE  (belnR  Key  Rate  2.V.  hw  deduct lomii 10 

WALL.'^.  :t.H  Iiidep't  (for  party  see  40i  each  4  in.  variation  from  stand.  .01 

i  lIuildinKH  over  'A  stori«-M  hi^h  double  eharKet 

On  lluildinKs  over  '.\  storieN  if  av«*raKi'  12  in.  or  Icm  add  in  addition  to 
alNivenot  1«*ms  than  .0(.     (If  2  imleiM'ndent  walls  adj«rfn  deduct  4 

ineheM  fr<mi  aver&Ki*  riMiulrement . » 

Pany  Wallx  40 — Each  2  Inched  deficiency  from  standard  add.  .01 
I  f  lesM  than  1 2  inchi's  in  any  part  add  not  lc>ss  than  .05.  if  over  four 

storit^  double  chance 

(MiarRe  for  one  wall  only,  the  most  deflci(>nt. 
(Noti' — Walls  under  Uuildiuie  Law  may  bi>  regarded  as  standard.) 
WalN  not  ParaiH't  12  inchi's  alKive  roof  and  coped  each  exposed  side.  03 

PtNir  Bricks  <»r  poor  quality  mortar 10 

Ea<*h  Inin  Front  or  side  not  backed  up  with  brick  and  mortar o:i 

Inin  Fronts  bac^ked  up  with  brick  and  mortar 01 

Eocli  Iron  Front  in  rtiw  add  in  addition  to  above 01 

St<me  Fntnt  or  side,  each 03 

R<>OF  47— ComiKisitlon 01 

4.S     Slute 02 

ShiUKle 08 

Man.sunl  with  wtsMi  franu*.  four  story  or  lower,  one  side 07 

Kai'h  additional  side  .o:{.     Increu.si'  ciiarice  r>  ct>ntii  for  each  story 

over  four 

RiMif  .spjic-i".  hliiid  attic  ornM-k  Infi  vnvU  verti<»al  f<x>t  .01  not  over.  .  .0.*) 

FI.OoKS    .Vi    -I)oul>ii'  Flouring  le>«  than  ;i  inches  thick 02 

."f»     .sjiinle  FI(M>rlii>{ 0.'i 

;'>.'»      FI«M»r.Ioi>ls  li-sslhanJiMOinrhes    0:< 

CKILINt;  <»K  SIIK.VTlilNd    .^>i>-   W<mk1  or  Stniwlxmnl  ivilinn  or  wood 

lath  furriiin  t»n  wall**  one  si«.»ry  .(Ki.  each  additional  storv 02 

WimmI  or  sirawlH)anl  .sldiiiK  onesit»ry  .o.").  each  addititmal  story 03 

Cloth  or  paper  rciliiit;  or  siding  on  wtMxl  stu(i<.  each  story Oo 

Kacli  l,(HM)sq.  fi.  iutxet-Nsof -J..~>(H)s(|.  ft.  add 03 

Limit  li  .stf^rv  or  uudrr  L(M)  over  \\  st(»ry  L.'VO.    Sole  tenant  20*'; 

oir.      <  Drdui't  m  ,  of  an 'a  chanre  for  ea<'h  wall  dividing  and 

stn-utftlii'iiiii^  the  risk,  not  exeeeiling  40'"J;  of  art^  charge .  . 

AREA    ((;rouii.l    Fl«Ktr     x    Total «q.  ft. 

IIEHill  r    ♦.:<      Siorii's      Fiftli  Story (Ki 

i>l      For  >i\th  story 06 

ti.">     For  Si'vc-ntli  Story.  .12.  each  story  ovrr  srven  .L"i.  (cumulative). . .  . 
■  Stamiard  huihllnn  niav  h-  Si-vrn  Stt)rles  without  charge.) 

li.'m   For  Kinlith  Stor.x  on  stan«ianl  Imihiiiif; 12 

•i.'ih  Ft»r  Ninth  SiJirv  <»n  stamianl  huildinp 20 

KLKVAT*>KS  «.7     <'ut  oir  by  lath  and  pljister  hallway  or  shaft  with  self- 

('U>^in»:  tl«K)rs  or  automat  ie  traps 03 

t;s     Open <W 

»»»     A\imh1  Shaft  witlumt  >rlf-<'lo^inir  frai»s OS 

ST.VIKW  \V  71      Cut  oir  l»y  lath  and  i)lasttT  hallway  .(HI.  with  8t>lf-clo«s- 

ni:r  trapv  or  d«M»rs  at  rurh  ll«M)r 0:i 

7"J     Kni'lo«»rd  in  \mux1  with  st-lf  (•losin^^  dixirs  each  tVH>r O.'* 

T;>     opiii      OS 

vl-i»ri'U('h  i-\ira  fli'vator  or  »it Slipway  ad«l  i  i>f  chance  for  each.     If 
l)o{li  i-i('\:iior  and  '>tairi>ay  art*  chartecil  ninke  full  charge  for 
Kn-atrr  amount  and  half  »-hari;e  for  .sniaHer.> 
WF.LL  HOIKS.  (Ill   TKS.  \  EN  P.  SHAFTS.  AND  DUMB  WAITERS 
7*      For«'a«-h  flour  plm-iKi  nt»t  h->stlian  dl  '.well  hoh*s  each  floor  05)  .... 
»SKYL1*:M  rs  7o     Not  standard  ra«"h  0  m|.  ft.  over  9.02;  not  over 15 

.\mount  earrii'd  forward  .  


.'i7 
.'»7a 
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Amount  brought  forwaid 

WOODCORN1CB,CUPOLA9.BTC.79— Noti™  tlwn 

80     Wood  Kwnlnn  on  one  morjf  buUdlna  .OS.  on  higher  bulldJogB  . . 

UOHTINO  M— Electridly,  ApprovedT 

Se     Kenaece.      Qlochknie  If  chuged  [or  electricity) 

HEATING  87— FuniKB.OZ,  UmetKlllCColdftirboi 

m   8(ov« 

(If  87  KOd  89  only  chuvi 
CHIMNEYS  97— Not  buUt  Irom  ground  Ei 


on  bncketfl . . 


100    OniV  one-halt  brick  thick 

8,     « —  -J., ...  ,i_ . 
1 


. (irstovfmonly) 

.  Poor  brlcki  ocmortv  (In  utdltlon  lo  buUdlng  chuve^o.  43) 
'IRES  lO^^^verhekd  KTountt  bidg.  to  Inlorfere  with  fini  dept. . 
IB    EIrctricTrollry  Wire  to  Interfere  wttb  Are  deputment 


ria& 


E  of  BuMtng  1( 
&MS  BEARS  ( 


„-  ,„ emch  operative 

iloyed  In  eicen  of  10  not  exceeding  >  total  of  26  centn  In 
~  where  Bret  column  chargodoca  not  exceed  25  cenla,  and 

i_  .1.1. .   i_ ■ |jj„^  jjjij  otber  hazard! 

Ui  cents,  but  not  eiceod- 


AGE  of  Butldlng  107— Over  20  yea.  _ 

FBAMSBEABSOB  EXTENSIONS  10S~Not'i«BtbaD 

STONE  PIERS.  STONE  COLUMNS,  PILLARS,  or  brick  plen  *.._ 
bond  atonea  109 — carrying  Important  welghta.  especially  If 
supporting  beams  or  girders  In  basrmenw,  cellare,  etc.,  charge 
according  to  Dumber  and  Importance  not  Icsa  than.  .03  each 

110  Unprotected  hon  columns  cast  Iron  .10:  steel  or  wrought  .15:  un- 
protected ateel  gtrdera. . 


;n.b.- 


■  .10,  ^ 


[s  for  fuel  1,00... 


>r  basement ...  05 


DEDUCTIFORKXOBPTIONAI,  CONSTRUCTION: 

119    Tin  or  Sheet  li —  "■ " 

laO    Waterproof  PI 


in  between  Ooora  . . 


or  watcrwoorincUDedtocarTT  off  surplus. .,.'..' b 

defloorOreproof  10%.    Baoh  additional  floor  G r^  (notei- 
ceedtng  *5%  In  all) 

123  Metallic  stud  and  lathing  or  tile  partitions  throughout 10 

124  Metallic   lathing  on  wood  studs,  terra  cotta  or  other  lire 

resisting  partitions 6 

125  All  slon  poata.  .beams.  Joists  and  girdere  12  faichea  thick 

127  RATE  ON  BUILDING  UNOCCUPIED. . 


Occupied  by  Nob 

137a  Add  iO%  of  amount  In  llrst  column  for.i 
128     RATE  ON  BUILDING  OCCUPIED  ,  , 


tt  hacardous  occupancy . 


ISe    Automatic  fire  alarm 10%  to  10  cent 

158a         "        buralar  alarm l^ 

150    Chemical  eng&e  on  wheels 6^ 

160    Iron  Ore  escapes  on  accessible  side  with  landings 

each  floor 2  ? 

181    Caski  of  water  or  aani)  or  Oiled  pails  on  eachfloor<2 

Olkd  palls  for  eadi  1,000  square  fri'tflucir  arcs)  .59 
NoTB — (Approved  eitlngulsturs  accepted  In  lieu  of 


deduction  for  front  or  alley) 2% 

•m.  and  /  or  lub-bss.  with  apprnvrd  equipment  of 
automatic  sprlnklere  having  approved  oitCTnal 

Blamese'Qcamectlon  only 2% 

Amount  carried  forward 


AnooDt  braagbt  fonrwd 

ITS    If  bids,  occupied  througbouC  exdiatrelT  oOesi  or 

oflke  mnd  dmUli« »% 

174    If  bkIS;  kbovB  grade  Door  oocupted  foroOoe  or 

iiBkc*  and  dvcUloa 10% 

170    Wuchaun  with  wkldi^dodi  ^ir..-.«i — .? 

17a.  )  Special  BuUdlng  Rlgnal 

"™  1  wlttMut  watcfamao  and  dodt 
177    Aoorbydnni    ■    -" 


■  ■  ■_ A'x  f 


jf  bydranudrllbapprovMlbuaBand  proUcUid). 

ifs     rmor  beam*  and  ilrdei*.  ■dt-relewlns 

180     FIBBBUAT.  irrUcwItblnaOOfeetorPlTeBaM. 


TtrtiL  DiDccnoNi.  , 


m    NETBATBOPBUILDINGOOCCPIED.. 

ISO    BXP08URE 

'~^  ._Q.'??A.K™'.'°''  Dlw**!  Like  Dry  Ooodi  Dht. 


|%*c 


130a  ConflacratloD  Dktrkt,  Like  Dry  Oo 

Ul     RATB  oy  BUILDINCI  Occupied  aad  EipoMd. 


ISe    Uapn>t«rt«datov<vlpc«(hrou«hlloonarpi 

ISOa  UiMarp  Ra>  or  othiT  alovn lucou 

U7    Stovepipe*  tbrough  window,  roof  or  wall,  but  wttb 

double  mMal  chlmuer . fl 

US    Tbrouitb  window*  not  proMirted lo 

190    Entering  botlom  of  due  vert  Icmlly a 

140  Entiring  flue  In  «tlc  or  unuaed  room 3 

141  BoHoinOf  elevator  sliart  used  forcliMFt  OrwuiA         k 
143    Swl     - 

143    tTol 


IwioKliM  or  otber  uniafe  gi 

protected 

TotldlDeM,  rubbUb.  aabea 


.10  to  3& 


ltd     Empty  boxe*  or  rubblib  la  rear  yard,  allrya, 

rerease*.  under  sidewalk,  grating,  etc. . .  lu  id  w> 

140    Open  llgbt*  In  abow  window* 2A 

140a  tmsafp  ga*  engine 33 

147  Bawdiut  on  floor*.  lawdiut  >pltuxais 10 

148  Benilne,  according  lo  quantity 10  Up 

140     A*h  or  waati!  ran*  approvnl.  If  none 10 

HDa  Oily  floor*  undtrmachlno*.  lark  or  drip-pan* 10 

14Db  Hleamplpea  in  cimlart  with  Huod 01 

153     Elevator  or  uIIht  nJiaft  rummunlcatlng  with  roof 

104     Electric   ll«li[lmt' Wiili'ni  and    Ins'tailation'not   bi 
compirann-    with  city    urdlnanct-  and    Board 

Arc lb(liiH unprnKx-iM  liy  light  globcior  metai 

IMa  Crowdiwl  Mdw. 'without  proper 'alRlte  opposite' or' 


1   Hi>alli«  Apparsl' 


.  K\TK  ON  Brii.niNo 


a  Mini  •filial  lo  ID' ;  »r  dr'tli-lt'nHtv  of 

..   1(1';    of  il.-i^ss  r.r  il,™  No.  127i.vr.    _ _ 

Kaii'liT.  ""' o'liis.  minus  10  ccnta  (or  .20 

iir  .a.'ii  niiiiil!' (■.■niTi:  lO'i  of  which 


inoor. 

ClaaL.   . 

Charge  .     fChTge  . 
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Amoant  brought  forwud 

•  Mil  b*  tk*  KCT  M  Mttt  »IE  FM  Ml  nOCKt  IH  BUILOim 

ld7fi%ofutKNmtaunedrorMocktobented(No 

tai  ■oeond  column  of  Occupancy  Tkble. . 
"   "  k  li  above  or  beW  s    ' 


Floor       . 

ClBH 


Add.  If  entire  Rock  li 


w  grade  Boor,  each  lli 


ir  diatrlbuted  over  two  or  more  fSoon.  add  ihr'  chvgm 
ftor  all  and  divide  by  the  number  of  floon  covnv-d  lo  gel  Ibe 
avWMe.  For  eiamplc,  for  third  floor  10  cU..  fijurth  15  cU., 
aDdflhhaOcta..  total  4ScU..  divided  by  3  equebi  IK  cu  If 
■todi  oxtnuU  only  over  tho  three  floors— gradt',  bBaofflent 
Mid  aeoood  floor,  no  charge  or  deduction. 


197  81*^^-,-. 

tank  ■upplr.. 

198  SUodplpe.  with 

nectton  for  u>e  of  Ore  d«iartmont . 

199  Each  aide  or  rear  acceailbte  (o  Ore  ae- 

partnunt  (no  deduction  for  tnnit  or 

alley) 3", 

901  Baa.  and/or  nib-ba*.  with  approved 
equipment  of  automatic  aprinklera 
bavmg    approved   external    Slamcee 

ao7    If  building  occupied  above  gniSe  Oobr 

for  ofllcea r,*; 

308    irfaroOeieanddtreUliv.. 


in  with  walcb-dodc. . , 

at%  1 

(Special  Building  signal S  .. 

j  witliout  watchman  and  clock. . 


3(^to2(cenla 

Ca  (with  approved  noee  and 

tarpauLna 

each  night 6% 

314    Macbaodiw  hi  tin  oovered  cawe 5% 

3111  Sklda.  If  merchandlae  in  bale*  or  un- 
op«Ded  caaee  or  atmllar  original  and 
untuokea  package!  la  kept  on  skids  or 
platlMnwolnchea  high,  deduct 2% 

318  Grade  floor  slock:  If  stock  exclusively 
on  grade  floor,  deduct  S%:  If  aiock 
ex  tads  only  over  one  additional 
floor,  batment  or  ■ecoad.  skidded. .  .3^1 

m     FIREBOAT.    If  risk  wlUUn  BOO  feet  of 

Fl™  Boat S""; 

ToT*i. 

lU     RSatTLT.— (See    note,)     Rate    on    stock    i 

building 

NMtla  He.  m.— Tbe^ri 

30%ofth 

ia4a  EXPOSURE 

IMb  ConflagrMlcm  Dlauict.  o 


B  on  stock  at  Nn.  I'M  ntin 
- 1  No.  129  by  a  J.um  niual  I 
— e  In  Occupant)-  Table, 

itlying  eipoaurea,  cic 
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C  8PR1NKLKR9.     If  kcconllilC  Ui  requli«m«nla 'of  Fire 

UodpTwrlt*™  deduct % 

DEDUCT  7  (^To  FOR80%COIN91IRAXOE    

ADD    FOR    Faults  of    MANAQEMBNT,    Mme   M 

buUdlDK 

FINAL  RATE  ON  STOCK 

EXPOSURE 
Cali-uUto  tbe  en>o«ure.  u  p«r  ubl«.  tar  given  dlManoe  o_ 
■hie  and  I'nUf  in  lu  mlumii,  kdd  or  lubcracc  from  cturse  ■ 
the  Dul  mult  by  nuccuaslve  procenaii  damn  the  column  to  the 


H  follows.  eaiTTliic 


1  High  I  Ecu    Lift 


BATE  OF  EXPO.SVRE  LE93  THAN  1  PES  CENT 

Bt'lLDINC.S  SEPARATED— wllh  openl 
(N.  B.— Wood  Cornice  or 

U    OW'niDRn.  I 

BLANK   WALL    UF   TtlSK 


'ood  MuuKTdBunD 
iipoBuro  deduct   |   ot 


i  cornlcf 

OF  EnroarKE  lowknU  riik,  deduct  |. 
TO  BOTH  dixlurlUO  per  Rent. 

a  NtJT  OPPOHI  TE  etch  other  deduct  TOper 

ON  GRADE  OR  FIRST  FLOOR  ONLY,  deduct 

BHINOLE  BOOFro  Hiie  Increwc  chi 


OPENINGS  NtJ_T(JPmH"irEe»clt^^^_dBdi^^^ 

woidd  m»lce  rl^  equii  n 


::;Grt  AdSoi'xING— Ohareomperl 

WALLS  NOT  THROIGH  ROOF,  -If  division  wbU  belwi 


IF  BL'ILDINGH  AnSoiXING— Ohar 
"""  THROIGH  ROOF, 

I  wo  Mljulnlnii  rlxka  due 


•r  ublM  E  ijid  F. 


end  tlirough  roof. 
aunc  u  per  iftbin 
uve  flr«t  floor  with 


LENGTH  OF  I-: 


ISEDSIDEOFRIHI 


nliiK  frt'i.  1  IKTC-Pil  less  for  i«ch  fool.     \o  dcduc- 
llrin  lfadj"\nina  uiih  cimimunicollon, 
ar  EiroxiHE. — hvea  (ban  76  feet,  t  per  cent  leas 
fur  i-ttch  rout. 

(N,  B, — No  drdiiiMloii  under  These  Items,  bow- 
oi'iT.  If  Ihp  pKiioiuro  bulldhiK  contain*  Oils  or  olhOT 
"im'an'  rishit,  Wholisnlc  Drugn.  Btocka  of  Fuml- 
tiuv.  ,V(trli-ult ural  Iinplenifinia,  CurtiiBC  or  Wigoa 
uiBt'-rtulH  or  other  wood  rlulu— huuds  of  Inlenn 
-  -  -  .silhilfi^  ■ 


UEIGlITOFEXPfJSURE— Ifln 


I  than 


slorles  deduct  10  per 


UL-VtJS  FRONT  OK  KIDE  OF  RISK. --Increue  charge  10  pw 

n-M  it  !lrst  Hti'ry.  ao  per  rr—  '— ••   — •  '" 

niT  ivni  for  i'a"ti  additional 
nFKXPl>8rR"       - 


per  cebt  for 


nt  or  nmdc  fioo 
nlnE^  of  risk  d«iiic[ 

-■■iri'  (Ir^ud  45  pera 

''dliiK  lO.OnO  Bquar 

'  r'id'l"a"¥lirIhe"^pS 


FRAME  EXPOSl  !(!■;  lii.T.iL->  rhum^  .■«)  per  o 
ni^lInK  a  sum  ■hlrh  -hall  make  r»' 
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HBIOHT  OF  RISK. — If  lUider  Ave  ■torlea  blgh.  deduct  li 
cent  of  loul  cbarga  for  e*cb  story  Ion  tbmn 
'* '-V  itorles  high  tdd  IS  par  oont  for 


STOCKa.— If 


f  bmldJiiK  sepantted  hu  blank  wkll  towkrdB  ex- 
poauro.  chuKe  30  per  cent  lea  on  itock  than  on 
building. 


Front 

Right 

B«U' 

Lett 

DISCUSSION  OP  BUILDINQ  CHARGES  AND  DGDUCTIONS 
Every  point  in  the  schedule  reju-esents  a  fire.  Some  points 
represent  perhaps  thousands  of  fires.  They  represent  them  in  the 
sense  that  they  present  for  charges  the  weaknesses  which,  in  the 
case  of  fires,  have  increased  the  loss.  It  will  be  necessary  to  com- 
ment on  some  of  the  points  with  more  minuteness  than  the  mere 
repeating  of  them  m  a  schedule  pwrnits  of  being  done. 

Walls.  Ilie  wall  of  the  building  should  accomplish  two  things, 
namely :  It  should  hold  the  fire  which  has  started  within  the  build- 
ing and  if  one  starts  outside,  it  should  prevent  it  from  getting  into 
the  building.  A  poor  wall  b  a  fundamental  weakness  in  a  building. 
In  regard  to  iron  fronts  and  stone  fronts,  it  b  interesting  to  note  that 
the  iron  front  was  considered  quite  a  discovery  when  it  was  first 
invented.  There  were  some  who,  in  their  enthusiasm,  considered 
it  fireproof,  fwgetful  that  iron  was  easily  worked  by  heat  and  it  was 
only  necessary  to  raise  the  heat  to  the  required  point  when  the  iron 
front  would  yield.  The  fact  that  a  higher  charge  b  made  when  it  is 
not  backed  up  by  brick  and  mortar  b  due  to  a  loss  in  New  York  City, 
where  a  fire  traveled  for  a  whole  block  between  the  iron  fronts  and 
the  brick  wall,  which  did  not  come  out  close  to  the  iron  front.  Stone 
walls  are  charged  for  because  stone  yields  to  heat  far  more  readily 
than  brick.  -A  brick  wall  will  pass  through  a  conflagration  withstand- 
ing 1,800  or  more  degrees  of  heat.  Stone  will  yield  to  heat  at  1,000 
d^rees  and  hence  represents  that  much  more  of  a  liability  to  loss. 
Roof.  The  covering  to  a  roof  is  one  of  the  earliest  features 
which  in  endeavoring  to  prevent  the  sweep  of  fire  even  in  the  colonial 
days,  secured  consideration  by  the  authorities.    The  shingle  roof 
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probably  as  much  as  any  other  one  cause,  has  increased  the  fire  loss 
in  the  United  States.  The  schedule  charges  for  ail  {orms  oi  roof 
excepting  the  metal  or  the  fireproof. 

Concealed  Spaces.  A  concealed  space  in  any  building  means 
that  when  tlie  fire  starts  it  will  worm  its  way  into  this  space.  This 
will  necessitate,  even  though  the  fire  be  a  small  one,  a  large  amount 
of  ripping  out  on  the  part  of  the  firemen  in  order  to  be  positive  that 
the  last  spark  has  been  extinguished.  A  concealed  space  stands  for 
an  increased  fire  loss  at  all  times. 

Floors.  The  standard  floor  is  three  inches  thick,  anything  less 
than  that  being  penalized.  There  undoubtedly  exists  in  a  non- 
fireproof  building  a  ver>'  close  relation  between  the  thickness  ot  a 
floor  and  the  character  of  the  protection  to  the  floor  openings.  The 
best  judgment  of  today  would  make  the  one  equal  to  the  other. 
Ordinary  single  inch  fl(X)ring  has  but  very  little  fire  resistance,  the 
more  e8])ecially  when  it  has  been  laid  for  some  time  and  the  seams 
have  pulled  apart. 

Area.  Under  this  item  the  one  point  worth  noting  deals  with 
a  principle  of  schedule  rating.  A  charge  for  area  reaches  a  certam 
limit  beyond  which  it  cannot  go.  If  the  building  is  under  six  stories 
high  it  may  not  exceed  $1.  It  is  evident  where  a  large  num- 
ber of  ]H)iiits  are  consideretl  in  rating  a  risk,  that  if  each  point  was 
allowt^l  to  reach  its  maximum  charge,  undue  emphasis  might  be 
plactMl  on  (t^rtain  features  or  the  rate  be  made  altogether  out  of  pro- 
portion to  what  it  should  be.  There  are  two  methods  of  overcoming 
this  (liflfic  iihy.  One  is  to  provide  a  decreasing  charge  under  the  item, 
as,  for  instance,  so  much  for  the  first  ten  thousand  square  feet,  a  less 
sum  for  t\\v  next  ten  thousand  and  still  less  for  the  next.  Another 
way  is  to  provide,  as  is  done  in  this  schedule,  what  is  known  as  a  stop 
charge  where  the  amount  is  fixed,  beyond  which  the  charge  may 
not  go.  In  connection  with  the  item  of  area  and  the  item  of  height, 
unless  the  risk  he  a  sprinkled  one,  it  should  be  pointed  out  that  the 
judgment  of  the  underwriters,  and  experience  bears  this  out,  is  that 
the  charges  can  hardly  be  made  too  high  for  those  points  in  the 
schedule. 

Height.  Four  stories  are  ]>ermitted  without  a  charge.  Then  a 
charge  is  made  for  the  fifth,  a  somewhat  higher  charge  for  the  sixth, 
siill  higher  for  the  seventh  and  the  same  charge  for  each  story  beyond 


372 


FIRE  INSURANCE  RATING  51 

that.  The  charges  are  cumulative.  Thus,  an  eight-story  building 
would  have  a  charge  for  height  of  thirty-five  cents.  It  is  interesting 
to  note  that  many  underwriters  hold  the  opinion  that  stocks  above 
five  stories  high  have  never  been  profitable.  In  connection  with 
the  placing  of  insurance  in  a  seven-story  non-fireproof  building,  a 
tenant  occupied  the  basement,  first  floor  and  seventh  floor.  The 
insurance  desired  was  one  hundred  and  twenty  thousand  dollars, 
of  which  all  but  twenty  thousand  dollars  of  the  value  was  in  the 
basement  and  first  floor.  The  building  was  not  sprinkled.  So  strong 
was  the  feeling  against  carrying  insurance  on  the  seventh  floor  that 
that  amount  of  insurance  could  not  be  secured  with  the  policies 
covering  over  all  floors.  The  problem  was  solved  by  dividing  the 
insurance  and  having  it  placed  so  that  the  policies  covered  the  base- 
ment and  first  floor  specifically  and  then  the  seventh  floor  specifically. 
The  small  amount  required  on  the  seventh  floor  was  obtained  in 
very  small  policies. 

Floor  Openings.  Floor  openings  include  elevators,  stairways, 
well  holes,  chutes,  vent  shafts  and  dumb-waiters.  Fire  travels 
upward;  heat  rises;  it  will  only  spread  horizontally  when  it  cannot 
spread  vertically.  Floor  openings  are  the  most  active  distributors 
of  fire  in  a  risk.  If  the  floor  openings  in  a  building  be  so  protected 
as  to  confine  the  fire  on  the  floor  until  the  fire  department  arrives, 
the  loss  will  be  immeasurably  reduced.  The  proper  protection  of 
floor  openings  would  probably  be  the  second  most  important  factor 
in  reducing  the  loss  of  property  by  fire. 

Wood  Cornices,  Cupolas,  etc.  All  wood  parts  to  a  non- 
fireproof  building  merely  furnish  so  much  additional  opportunity 
for  fire  to  spread  or  for  fire  to  catch  from  an  adjoining  property. 
The  wood  cornice  is  rather  an  excrescence  left  over  from  past 
ages  when  the  desire  to  ornament  the  front  of  the  building  or  to  cover 
up  the  drain  pipe  led  to  its  use.  It  is  an  anomaly,  of  course,  to  place 
on  a  brick  wall  any  wood  construction. 

Lighting.  In  regard  to  electricity  it  is  doubtful  if  the  schedule 
were  being  constructed  today  whether  any  charge  would  be  made. 
The  hazard  from  electric  lighting  and  power  is  one  of  the  best  con- 
trolled  that  we  have.  It  is  due  to  the  underwriters,  that  in  the  very 
beginning  of  this  most  useful  invention,  they  recognized  the  danger 
and  at  once  set  about  the  establishment  of  proper  standards  to  safe- 
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guard  its  installation.  Ex|ual  credit  is  due  to  those  who  were  inter- 
ested in  its  development.  Hiey  have  co-operated  with  the  under- 
writers and  the  rules  of  the  national  association  represent  the  com- 
bined judgment  of  the  producers  and  the  insurers.  Kerosene  always 
was  dangerous  and  is  today  unless  properly  cared  for.  It  is,  of  course, 
the  most  common  light  that  we  have,  gas  being  limited  to  the  larger 
centers  where  a  plant  can  be  supported.  The  electric  light  is  travel- 
ing farther  and  eventually  may  come  to  supplant  kerosene;  but 
every  kerosene  lamp  is  a  potential  fire  hazard,  although  the  modem 
lamps  are  quite  safe. 

Heating.  Fires  do  not  start  from  buildings;  if  a  fire  starts  the 
active  agency  of  heat  must  be  present  in  some  form  or  must  be  gen- 
erated. The  most  common  form  in  which  it  is  found  is  in  connection 
with  the  heating  apparatus,  whether  the  heat  be  used  for  warming  the 
building,  furnishing  power,  or  for  cooking.  Fiu'naces  which  supplant 
Stoves  are  undoubtedly  safer  than  the  stove  provided  the  proper  chim- 
ney is  in  the  building.  ^Vhen  furnaces  first  conunenced  to  be  used 
they  were  coupled  up  to  chimney's  which  had  been  designed  for  the 
ordinary  coal  stove  with  the  result  that  the  chimneys  were  overloaded 
and  many  fires  occurred.  The  idea  is  altogether  too  prominent  to- 
day that  a  four-inch  or  one  brick  thick  chimney  is  suflScient  for  the 
purpose.  A  chimney  should  not  be  less  than  eight  inches  thick.  A 
four-inch  chimney,  with  an  opportunity  for  gaps  in  the  joints  from 
which  s])arks  may  escape,  with  the  readiness  with  which  a  single  brick 
may  be  warmed  through,  furnishes  a  constant  danger  spot  which  ex- 
tends from  the  lower  to  the  upper  floor  of  the  building,  not  to  men- 
tion the  careless  manner  in  which  the  beams  may  be  placed  against 
the  chimney  and  in  time  brought  to  the  point  of  ignition. 

Wires.  Wires,  either  trolley  or  of  other  kind,  when  numerous 
or  heavily  charged,  will  interfere  with  the  work  of  the  fire  depart- 
ment and  for  that  reason  affect  the  property  adversely.  With 
the  tendency  which  exists  today  towards  bmying  wires  this  is  one 
of  those  charges  which  will  in  due  time  pass  away. 

Tenants.  Charges  are  provided  for  the  mercantile  tenants, 
meaning  in  this  sense  of  the  word  mercantile  tenants  who  do  not 
live  on  the  premises,  such  as  the  superintendent  of  the  building  or 
the  janitor,  nor  does  it  include  office  tenants.  It  is  customary  to 
include  every  other  tenant  who  has  an  insurable  interest  and  which 
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interest  requires  a  specific  rate  and  the  naming  of  the  individual  on 
the  card. 

Additional  charge  is  provided  for  the  manufacturing  tenants 
who  affect  the  risk  more  severely  than  a  mercantile  tenant  does. 
Every  additional  tenant  in  a  property  means  that  a  portion  of  the 
property  is  subject  to  that  individual  control,  then  as  the  number 
of  tenants  increases  the  property  becomes  more  and  more  divided 
into  different  independent  parts  and  from  an  insurance  viewpoint 
less  and  less  desirable.  This  is  true  of  the  mercantile  tenants  and 
increasingly  true  of  the  manufacturing  tenants. 

Frame  Rears  or  Extensions.  There  will  frequently  be  in  con- 
nection with  buildings  of  ordinary  construction  a  frame  extension 
or  even  some  other  small  portion  which  is  frame.  This  is  a  weakness 
and  is  subject  to  a  severe  charge. 

Stone  Piers,  Columns,  Etc  For  the  same  reason  that  a  stone 
front  is  more  susceptible  to  fire  than  brick,  so  is  a  stone  pier  or 
column  when  it  is  an  important  carrying  member  for  the  support  of 
the  building.  Brick  piers,  also,  when  they  have  unprotected  bond 
stones  or  cap  stones  are  subject  to  being  weakened  by  fire.  Figs. 
1  and  2  show  how  the  piers  were  affected  in  the  well-known  fire  at 
Canmieyer's  in  New  York  City  many  years  ago. 

Unprotected  Iron  Columns  or  Other  Unprotected  Metal  Mem- 
bers. The  iron  column  directly  exposed  to  the  action  of  fire  weakens 
more  readily  than  the  substantial  wooden  column.  These  columns 
can  be  properly  protected  and  be  absolutely  safe.  But  when  unpro- 
tected they  are  dangerous. 

Steam  Boilers.  The  heating  and  power  apparatus  of  a  prop- 
erty should,  in  all  cases,  be  cut  off  from  the  main  part  of  the  risk. 
It  may  be  impossible  to  do  this  in  a  separate  building.  It  may  be 
done  when  situated  in  the  basement  by  enclosing  it  in  a  fireproof 
room  or  when  it  is  under  the  sidewalk  by  cutting  it  off  in  a  standard 
manner  from  the  remainder  of  the  basement. 

The  schedule  then  provides  a  series  of  reductions,  made  for 
additional  safeguards  against  fire,  which  are  placed  before  the  owner 
that  he  may  avail  himself  of  them  when  he  is  erecting  the  property 
or  even  when  altering  it,  as  has  been  done  in  many  cases. 

Constructional  Deductions.  Items  119,  120,  and  121  offer 
deductions  which  aim  to  secure  a  floor  that  will  shed  water  rather 
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than  permit  it  to  pass  through  onto  the  stock  below.  Item  122 
proV'ides  for  an  allowance  should  any  floors  in  the  building:  be  of 
fireproof  construction.  Not  infrequently  the. first  floor  is  erf  that 
type.  Items  123  and  124  furnish  inducements  for  making  the  finish 
of  the  building  on  the  side  walls  somewhat  better  than  the  ordinary 
lath  and  plaster  which  is  so  objectionable  because  of  the  concealed 
spaces  behind  it,  necessitating,  as  in  all  concealed  spaces,  quite  an 
amount  of  destruction  in  order  to  be  positive  that  the  fire  has  been 
put  out,  this  destruction  being  over  and  beyond  a  damage  done 
directly  by  the  fire.  The  final  reduction  is  where  the  timbers  in  the 
building  are  more  than  twelve  inches  thick  or  conunence  to  rise  to 
the  standard  of  mill  construction. 

Fire  Appliance  Deductions.  Tlie  allowances  which  have  just 
been  noted  dealt  entirely  with  features  of  construction.  The  group 
which  is  now  to  be  considered  deals  ^ith  others  for  which  an  allow- 
ance is  made,  some,  nearly  all,  being  elective  on  the  part  of  owner  or 
tenant  of  the  property,  while  others  arise  from  the  position  of  the 
property  with  relation  to  certain  factors  which  will  be  noted. 

Alarms,  The  automatic  fire  alarm,  the  automatic  burg^ 
alarm,  and  the  special  building-sigilal  have  in  a  certain  sense,  but  one 
purpose  to  serve, 'it. is -their  business  to  transmit  to  the  authorities 
the  fact  that  there-  is  a  fire  in  the  building.  Objection  would  be 
raised  to  this  statement  in  regard  to  the  burglar  alarm  and  the  objec- 
tion is  fairly  well  taken,  but. from  an  insurance  standpoint  the  burglar 
alarm  is  granted  an  allowance  because  if  property  is  tampered  with 
in  any  way  l)y  thieves  they  not  infrequently  start  a  fire  to  cover  up 
the  traces  of  their  work;  hence,  even  the  burglar  alarm  is  considered 
of  value  from  the  fire  point. 

The  (lutonuitic  fire  alarm,  as  its  name  implies,  acts  of  itself. 
When  the  heat  rises  to  a  certain  point  the  alarm  operates  and  gives 
notice  of  the  trouble.  Objections  aie  frequently  raised  to  this  de\nce 
and  to  others  that  they  oj)erate  at  times  when  there  is  no  fire.  In 
the  ease  of  the  automatic  alarm  it  will  frequently  ring  due  to  the 
action  of  a  very  hot  stove.  Technically,  this  is  a  false  alarm,  but  it 
should  he  ]K)inted  out  that  if  the  heat  of  the  stove  reaches  such  a 
point  that  it  operates  on  the  alarm,  undoubtedly  there  is  something 
dangerous  in  connection  with  the  stove,  or  the  heat  would  not  be  so 
excessive  at  that  point.    The  action  of  the  alarm  would  call  attention 
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to  this  defect.  One  of  the  troubles,  however,  which  ought  to  be 
served  in  connection  with  automatic  devices  is  a  tendency  to  operate 
falsely  or  to  ring  in  false  alarms.  Hie  fire  department  naturally  does 
not  wish  to  be  turned  out  only  to  find  that  there  is  no  real  fire. 
Improvements,  however,  are  steadily  being  made  in  such  devices 
and  these  false  alarms  will  tend  to  diminish,  though  probably  will 
never  wholly  pass  away. 

One  of  the  earliest  means  of  giving  a  fire  alarm  was  by  a 
watchman  stationed  at  the  top  of  a  tower.  On  seeing  a  fire 
he  gave  the  alarm.  Shortly  after  the  invention  of  telegraphy  the 
method  of  giving  notice  of  an  alarm  of  fire  by  means  of  street  boxes 
was  brought  into  use.  Cities  were  then  divided  into  districts  and 
the  alarms  were  only  rung  for  the  district  in  which  the  fire  occurred. 
Thb,  o(  course,  is  the  common  system  today,  but  it  has  this  disad- 
vantage in  that  one  street  box  serves  for  quite  a  territory  and  does  not, 
unless  the  person  who  pulls  the  alarm  remains  there  to  direct  the 
firemen,  locate  the  fire.  Valuable  time  is  frequently  lost  in  this 
way.  The  automatic  alarm  locates  the  fire  direct  in  the  building. 
The  special  building  signal  does  the  same  thing  but  it  does  not  operate 
automatically.  Hence,  it  is  a  cheaper  device  for  the  insured  to  install. 
Naturally,  as  it  does  not  operate  automatically  it  is  of  no  value  unless 
someone  is  on  the  premises  all  the  time.  During  the  ordinary  busi- 
ness hours  it  is  all  right,  but  when  the  premises  are  closed  if  no  watch- 
man is  employed  the  de\dce  is  valueless.  It  is  for  that  reason  that 
the  allowance  is  made  much  larger  when  the  special  building  signal 
is  installed  in  a  building  where  watchman  service  is  maintained. 

Chem  ical  Engine ,  Etc.  Chemical  engines,  casks,  or  pails  of  water  are 
such  well-known  devices  as  to  require  no  comment;  probably  a  third 
of  the  fires  that  start  are  put  out  by  means  of  pails  of  water  or  ordi- 
nary extinguishers.  The  chemical  engine  is  a  device  which  can  be 
wheeled  about  from  one  part  of  the  floor  to  another,  and  having 
nearly  a  barrel  of  liquid  will  serve  a  much  larger  and  longer  purpose 
in  fighting  fire  than  the  ordinary  hand  extinguisher  of  three  gallons. 

Standpipes.  Standpipes  either  with  or  without  a  tank  supply,  and 
roof  hydrants  serve  this  purpose;  they  are  on  the  premises,  may  be 
used  by  the  employes  before  the  department  arrives,  and  may  be  of 
value  to  the  fire  department  by  avoiding  the  necessity  of  carrying 
hose   up  many  flights  of  stairs.     In   the   ordinary   non-fireproof 
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building,  however,  standpipes  are  very  rarely  found.  Forty  years 
ago  when  standpipes  first  began  to  be  seriously  considered  there  was 
a  requirement  that  they  should  be  erected  on  the  outside  of  build- 
ings. They  probably  never  served  any  very  useful  purpose.  A 
department  could  not  operate  them  and  after  they  had  been  exposed 
to  the  weather  for  some  time  they  would  have  burst  had  water  been 
pumped  into  them  under  heavy  pressure. 

Roof  Hydrant.  A  roof  hydrant  b  not  intended  for  the  purpose 
of  fighting  fire  in  the  building  itself.  Hie  use  of  a  roof  hydrant  is 
to  furnish  the  means  of  fighting  a  fire  in  another  building  which  is 
close  to  the  property.  In  a  time  of  conflagration  or  a  serious  exposure 
to  fire  the  device  would  be  invaluable,  provided,  of  course,  the  heat 
was  not  so  intense  as  to  drive  anyone  off  the  roof. 

Watchman  and  Clock,  From  the  insurance  standpoint  the 
only  value  of  watchman  and  clock  service  is  in  the  event  of  fire  or 
in  the  prevention  of  fire;  it  is  probably  doubtful  whether  watchman 
service,  except  in  some  very  large  plants,  is  ever  installed  solely  be- 
cause of  the  allowance  in  the  insurance  rate  for  that  service.  It 
would  take  an  enormous  property  with  a  vast  amount  of  insurance 
to  make  the  allowance  of  five  per  cent  equal  to  six  hundred  dollars, 
about  the  minimum  amount  for  which  watchmen  can  be  employed. 
A  watchman,  however,  in  connection  with  properties  serves  a  great 
many  other  purposes:  the  prevention  of  thievery;  prevention  of 
damage,  as  where  water  pipes  burst;  and  in  the  general  care  and 
oversight  of  the  property  at  a  time  when  it  is  not  being  used  for  its 
ordinary  business  purposes.  The  modern  office  building,  for  instance, 
with  its  acres  of  space  requires  some  hours  before  each  office  can  be 
visited  to  see  that  everything  has  been  properly  closed  for  the  night 
and  all  is  well  guarded.  The  service  may  be  brought  up  to  the 
standard  of  the  under\\Titing  organization  ha\dng  jurisdiction  in 
order  to  receive  the  allowance,  but  where  this  is  done  in  one  case 
there  are  undoubtedly  dozens  of  cases  where  watchman  service  is 
maintained  but  not  at  the  insurance  standard. 

Fire  Escapes,  Fire  escai)es  furnish  the  opportunity  of  egress 
to  any  persons  in  the  building  when  a  fire  starts  and  if  the  stairways 
or  elevators  are  not  available.  They  also  permit  the  firemen  a  foot- 
hold in  fighting  a  fire  where  they  cannot  enter  the  building.  Life  is 
more  valuable  than  property.    Hence,  anything  which  permits  the 
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occupants  of  a  building  to  readily  leave  it  when  a  fire  starts  is  of 
direct  value  to  the  companies  who  insure  the  property,  because  the 
firemen,  rightly,  will  pay  but  little  attention  to  property  saving  so 
long  as  lives  are  in  danger. 

The  allowance  for  fire  escapes  is  limited  to  an  allowance  for  their 
being  on  one  side  of  the  building.  The  building  may  stand  on  a 
comer  or  run  through  to  another  street,  but  additional  fire  escapes 
are  not  deemed  of  sufiicient  value  to  make  ^n  increased  allowance. 

AccessibUity.  A  building  may  be  situated  on  the  corner  and 
thus  present  two  sides  from  which  fire  may  be  fought.  It  may  even 
stand  on  the  corner  and  have  a  street  in  the  rear  and  thus  present 
three  sides.  Some  buildings,  as  department  stores,  occupy  whole 
blocks;  hence,  a  fire  may  be  fought  from  all  four  sides.  This  acces- 
sibility, as  it  b  termed,  to  the  fire  department  is  deemed  of  large 
value  and  of  increasing  value  accordingly  as  more  than  two  sides 
are  accessible;  hence,  the  allowance  is  made  for  each  side  accessible 
in  addition  to  the  front,  which,  of  course,  is  not  given  an  allowance. 
It  will  be  noticed  that  accessibility  is  something  which  the  building 
enjoys  solely  from  its  location. 

Fireboat.  The  fireboat  in  the  United  States  is  a  modern  device, 
though  it  has  been  in  use  in  Great  Britain  at  least  around  the  docks 
in  London  over  fifty  years.  The  first  fireboats  were  undoubtedly 
somewhat  tame  affairs  compared  with  the  modern  powerful  boats, 
but  the  usefulness  of  such  a  device  for  fighting  fires  near  the  water 
was  early  recognized.  Here,  again,  as  in  the  case  of  accessibility, 
the  risk  enjoys  an  advantage  solely  from  its  location  being  near 
enough  to  the  fireboat.  Eight  hundred  feet  measured  from  the  bulk- 
head to  the  risk  is  deemed  about  the  largest  distance  for  which  the 
allowance  should  be  made.  Water  may  be  forced  through  flexible 
pipes  for  a  longer  distance,  but  that  is  a  safe  fire-fighting  distance. 

Self-Releasing  Beams  and  Girders.  At  first  it  might  seem  as 
though  this  was  a  matter  of  construction  and  should  have  been  put 
with  the  other  construction  allowances.  It  is  placed  here  for  the 
reason  that  it  is  of  value  only  to  the  building.  If  the  building  is  so 
far  destroyed  by  fire  that  the  beams  and  girders  give  way,  the  con- 
tents are  probably  totally  destroyed  when  that  occurs.  But  the  self- 
releasing  of  the  beams  and  girders  will  leave  the  wails  standing,  thus 
giving  the  companies  that  much  salvage. 
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Sprinklers  Below  Grade.  The  difficulty  of  fire  fighting  below 
the  first  floor  has  led  to  city  ordinances  being  passed  requiring  the 
installation  of  the  old  perforated  pipes  into  which  water  might  be 
forced  to  fight  the  fire  in  that  part  of  the  building.  The  perforated 
pipes  are  wholly  objectionable,  and  the  inducement  is  made  to  the 
oi^iier  to  install  in  their  place  sprinklers  which  do  not  have  any  water 
supply  but  do  have  a  Siamese  connection  for  the  fire  department 
to  attach  to  and  force  the  water.  The  fire,  of  course,  wiU  have  opened 
the  head  above  it  and  as  the  water  b  forced  through  the  pipe  it  will 
only  come  out  at  that  head  which  has  been  opened  and  not  the  whole 
length  of  the  pipe  as  in  the  case  of  the  perforated  pipes.  The  insured 
may  go  l)eyond  this  and  protect  these  below  grade  floors  by  a  sprinkler 
system  having  a  water  supply.  In  that  case  a  substantial  allow- 
ance is  made  rising  as  high  as  ten  per  cent  to  the  building  and  con- 
tents. 

Office  Occupancy.  The  building  may  be  occupied  for  offices 
or  offices  coupled  i^ath  dwellings,  or  it  may  have  stores  on  the  lower 
floor  and  offices  and  dwellings  above.  This  is  naturally  a  lighter 
occupancy  than  even  a  good  mercantile  would  be  and  certainly 
beyond  the  manufacturing.  Hence,  the  allowances  which  are  ver\^ 
substantial  have  been  provided. 

Sprinklers.  This  deduction  for  sprinklers  at  this  point  means 
where  the  building  is  entirely  sprinkled  and  not  that  noted  above 
which  dealt  only  with  sprinklers  for  those  parts  of  the  building  below 
grade.  Only  one  allowance  is  made  for  sprinklers,  that  is,  if  they  are 
tliroughout  the  property,  and  that  is  at  this  point. 

Coinsurance.  The  schedule  up  to  this  point  presupposes  that 
coinsurance  is  not  carried,  that  a  policy  in  fact  is  what  is  known  and 
termed  a  valued  policy.  If  coinsurance  is  carried,  then  a  reduction 
is  made  in  the  rate.  It  is  assumed  that  up  to  twenty  per  cent  of 
the  value  of  the  property  coinsurance  is  of  no  benefit  to  the  company 
since  the  normal  loss  of  non-fireproof  buildings  would  eat  up  twenty 
per  cent  of  the  value.  It  is  when  the  insiu-ed  begins  to  cany  insur- 
ance beyond  twenty  i)er  cent  that  it  becomes  of  value  to  the  com- 
pany since  the  loss  will  probably  be  partial  and  an  allowance  is  made 
for  this  additional  insurance.  Fifteen  per  cent  is  deducted  for  eighty 
per  cent  coinsurance.  It  is  based  on  this  rule,  namely:  One-fourth 
of  one  per  cent  deduction  is  made  m  the  rate,  for  each  one  per  cent 
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of  coinsurance  in  addition  to  twenty  per  cent.  Thus,  for  eighty 
per  cent  coinsurance  we  have  sixty  per  cent  more  than  twenty  per 
cent;  one-fourth  of  this  is  fifteen  per  cent,  or  the  allowance  in  coin- 
surance. 

Faults  of  Management.  Faults  of  management  include  such 
factors  as  unprotected  stove  pipes  passing  through  floors  and  parti- 
tions, and  are  so  called  because  of  the  fact  that  they  usually  ate  under 
the  direct  control  of  the  insured,  i.  e.,  the  tenant  or  management 
can  easily  correct  the  defect.  In  some  properties  this  will  be  so  bad 
that  eight  or  nine  of  these  charges  may  be  made.  Attention  should 
be  given  to  the  fact  that  the  charges  are  extremely  heavy,  that  they 
are  put  at  the  very  bottom  of  the  rate  and  are  not  subject  to  any 
coinsurance  or  other  allowances.  This  is  due  to  the  fact  that  it  is 
the  desire  of  the  insurer  to  have  them  corrected.  The  charge  will 
generally  accomplish  this  desire.  By  being  placed  at  the  very  bottom 
of  the  rate  they  can  be  removed  without  a  recomputation  and  save 
that  much  time  and  expense  to  all  concerned. 

CONTENTS  RATE 

Relation  to  Building  Key  Rates.  In  computing  the  rate  of  the 
contents,  there  are  not  so  many  different  points  to  be  noted  as  might 
be  supposed.  The  rate  is  taken  at  point  127a,  a  certain  deduction 
is  made  at  point  128  and  the  remainder  is  considered  the  key  rate 
for  the  contents.  A  list  of  occupancies  is  furnished  in  the  rate  book 
and  whatever  the  tenant's  business  or  the  material  dealt  in  happens 
to  be,  the  charge  for  it  is  taken.  It  may  be  dry  goods;  it  may  be 
wholesale  groceries;  the  tenant  may  occupy  the  entire  building  with 
a  stock  uniformly  distributed — or  fairly  so — over  the  various  floors. 
It  has  been  noted  earlier  that  stocks  that  go  above  the  grade  are  less 
desirable.  The  fire  department  cannot  handle  the  fire  as  easily, 
and  they  are  generally  more  subject  to  loss.  Hence,  an  additional 
charge  is  made  for  each  floor  above  the  first  or  below  it,  for  that 
matter,  on  which  the  stock  may  be  located.  Thus,  if  the  stock  is 
on  the  fifth  floor  there  would  be  a  charge  of  four  times  five  cents  or 
twenty  cents  for  the  location  of  the  stock.  If  the  stock  is  distributed 
over  more  than  one  floor,  as  the  second  and  third,  these  charges  are 
added  together  and  divided  by  the  number  of  floors;  thus,  the  sec- 
ond floor  has  a  charge  of  five  cents,  the  third  floor  ten  cents,  fifteen 
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cents  for  both  and  a  tenant  occupying  the  second  and  third  floor  would 
have  half  this  charge  or  seven  cents  and  a  half.  The  key  rate  of  the 
contents,  the  proper  charge  for  the  occupancy  and  the  height  of  stock 
above  grade  are  then  added,  after  which  reductions  are  made  as  m 
the  rate  of  the  building  and  do  not  call  for  any  consideration  ex- 
cept where  they  differ  from  this  rate.  These  differences  are  in  items 
213,  214,  and  215. 

Deductions.  Merchandise  Covered  by  Tarpaulins.  The  first  is 
merchandise  covered  by  tarpmulins  each  night,  and  in  an  experience 
covering  several  thousand  properties,  it  has  not  been  the  writer's 
good  fortune  to  find  one  case  where  an  allowance  has  been  nuule  for 
these  covers  being  provided.  To  accomplish  the  purpose  of  the 
under^Titer,  that  is,  protect  the  stock  from  water  damage,  the  covers 
would  necessarily  have  to  be  quite  heavy  and  treated  with  oil  in  order 
to  shed  water.  Such  a  cover,  or  tarpaulin  as  the  nautical  phrase  is, 
would  ruin  a  great  many  stocks.  The  diflSculties,  therefore,  of  meet- 
ing the  underwriters'  requirements  on  the  one  hand  and  of  avoiding 
damage  to  the  stock  on  the  other,  appear  to  be  unsurmountable. 

Merchandise  in  Tin-Covered  Cases.  It  will  not  infrequently 
happen  that  merchandise  will  be  in  such  container,  or  even  provided 
with  such  covers  that  an  allowance  is  due.  A  certain  brand  of  cocoa 
which  is  imported  from  abroad  c^omes  in  individual  tin  packages. 
These  are  then  paekinl  in  a  large  tin  case  and  this  large  tin  case  is  put 
in  a  lar^e  wixkI  cast*,  the  whole,  ()f  course,  making  a  ver\'  good  pro- 
tection from  water  damage  at  least.  This  is  a  case  where  the  allow- 
ance was  granted,  although  the  tins  were  not  made  purposely  as  is 
done  in  some  cases  to  secure  the  allowance. 

SI:!(h.  If  merchandise  is  in  packages  and  the  nature  of  the 
package  is  such  that  it  will  be  some  protection  from  water  damage 
to  the  stock,  then  there  is  a  value  if  the  stock  is  some  distance  above 
the  floor;  six  inches  is  aceei)ted  as  a  standard.  This  will  permit 
during  a  fire  a  certain  amount  of  water  to  be  thrown  in  the  build- 
ing, which  water  being  shed  by  the  package,  would  run  off  onto  the 
floor  and  have  a  depth  of  six  inches  to  fill  up  before  the  stock  would 
be  standing  in  the  water.  It  is  of  no  special  value  in  the  case  of  an 
open  stock. 

Grade  Floor  Stork.  Stocks  on  the  first  floor  are  still  considered 
the  most  desirable,  })robably,  of  any  in  the  building.    They  can  be 
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in  the  case  of  fire  so  easily  reached  by  the  patrol  and  protected.  A 
heavy  loss  above  may  be  very  light  below.  If  entirely  on  the  grade 
floor,  that  is  the  most  desirable.  If  extending  over  one  additional 
floor,  either  the  basement  or  second,  and  skidded  on  the  lower  floor, 
an  allowance  is  made  but  still  a  less  allowance  than  when  the  stock 
is  wholly  on  the  first  floor.  The  stock  need  not  be  in  the  original 
package  to  obtain  this  allowance,  as  in  the  case  of  216,  where  the 
allowance  of  skids  only  applies  when  the  stock  is  in  a  substantial 
package. 

It  is  well  to  emphasize  the  fact  that  the  possible  allowances 
foot  up  a  very  substantial  total,  running  up  to  fifty  per  cent  should 
the  building  be  fortimately  situated  and  equipped. 

Merchandise  Stock  in  General.  The  only  further  point  worthy 
of  special  notice  in  connection  with  the  contents  of  a  building  is  that 
the  allowance  for  coinsurance  is  seven  and  one-half  per  cent,  or  one- 
half  that  made  for  the  building.  Increased  insurance  on  the  con- 
tents is  not  as  desirable  as  in  the  case  of  the  building;  their  greater 
susceptibility  to  damage  being  the  reason  for  this  discrimination. 

SPECIAL  FEATURES 

The  general  review  of  the  schedule  just  given  is  probably  suf- 
ficient for  all  practical  purposes  when  taken  in  connection  with  the 
examples  of  actual  rating  which  are  given  on  page  69.  There  are  a 
few  points  in  connection  with  the  schedule,  however,  which  call  for 
a  somewhat  fuller  discussion  than  the  general  running  comment 
which  they  have  so  far  received. 

Occupancy.  The  first  of  these  is  the  division  for  the  charge  of 
occupancy  into  two  items.  At  point  127a  the  schedule  states 
that  fifty  per  cent  of  the  amount  in  first  column  charge  for  the  most 
hazardous  occupancy  is  to  be  taken.  The  schedule  furnishes  a  list 
of  occupancies  beginning  with  the  number  400  and  ending  with  1,687, 
thus  listing  1,287  different  businesses.  There  are  actually  more  than 
this  since  there  are  some,  as  department  stores,  coffee  dealers,  and 
groceries,  that  are  divided  into  several  sub-classes.  The  division  of 
the  charge  for  occupancy  into  two  parts,  a  first  column  and  a  second 
column,  b  made  for  ignibility  and  susceptibility,  respectively. 

Until  the  universal  mercantile  schedule  was  brought  forth  this 
division  of  the  occupancy  into  these  two  parts,  while  it  may  have 
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been  recognized,  had  never  been  put  into  actual  practice.  It  is  now 
an  accepted  principle,  however,  in  the  fire  insurance  business  and 
has  even  been  carried  a  point  further  in  the  analytical  s^'^tem  which 
is  discussed  in  Part  III. 

To  take  a  concrete  case,  it  will  be  readily  seen  that  gunpowder 
has  an  equal  degree  of  ignibility  and  susceptibility  for  a  very  slight 
thing  might  set  off  gunpowder,  and  once  set  off,  the  entire  mass 
would  be  destroyed.  Hence,  in  rating,  the  same  charge  would  be 
made  under  each  column.  In  the  case  of  a  stock  of  pig  iron,  for  in- 
stance, even  the  wildest  imagination  could  not  conceive  of  pig  iron 
starting  a  fire.  Hence,  ignibility  does  not  exist  and  no  charge  would 
be  made.  There  might  be  some  susceptibility  to  damage;  with  the 
fire  once  started  there  would  be,  and  a  charge  would  be  made,  but 
it  would  be  a  very  low  one. 

A  third  example  which  will  furnish  an  illustration  of  the  lack 
of  ignibility  with  a  high  degree  of  susceptibility  is  found  in  the  case 
of  kid  gloves.  In  ordinary  insurance  use  the  term  "kid  glove" 
covers  gloves  made  from  almost  any  kind  of  skin.  In  buying  and 
selling  the  term  is  probably  limited  to  the  finer  hand  glove,  but  from 
an  insurance  standpoint,  which  is  the  standpoint  that  is  of  interest 
now,  the  phrase  "kid  glove"  would  have  rather  a  wide  range.  The 
kid  glove  does  not  possess  ignibility,  but  it  is,  however,  one  of  the 
most  extremely  sensitive  articles  to  water  damage.  An  instance 
occurred  of  an  actual  loss  where  the  fire  was  confined  to  the  front  part 
of  the  loft.  Not  even  water  reached  the  rear  part  of  the  loft.  The 
insured  were  positive  that  the  kid  gloves  had  all  been  damaged  or 
at  least  a  great  part  of  them.  Shortly  after  the  fire  when  the  claim 
was  made  the  gloves  were  examined  and  did  not  betray  any  signs 
of  defect.  The  insured  told  the  company's  representatives  that  he 
would  hold  the  gloves  for  two  or  three  weeks  and  he  would  satisfy 
them  that  the  gloves  were  damaged.  In  due  course  he  called  for 
the  company's  representatives  to  visit  the  premises  and  demon- 
strated to  them  that  a  certain  amount  of  mould  which  was  caused 
by  the  dampness  had  gathered  on  the  gloves.  The  mould  was  hardly 
discernible  to  the  naked  eye  but  could  be  seen  through  a  glass. 
Extreme  cases  have  perhaps  been  taken  and  the  mean  runs  between 
these  cases,  but  enough  has  possibly  been  stated  to  show  this  impor- 
tant principle  of  considering  the  occupancy  of  the  building  from  these 
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two  points,  namely,  how  likely  is  this  occupancy  to  cause  a  fire  and 
if  a  fire  is  started  how  much  will  the  contents  be  damaged? 

Exposure.  Old  Method.  Another  point  deserving  of  a  fuller 
treatment  is  the  matter  of  exposure.  Damage  by  fire  caused  by  a 
fire  outside  of  the  risk  is  an  exposure  fire.  Up  to  the  time  of  the 
mercantile  schedule  it  was  recognized  that  where  a  building  did  not 
stand  actually  detached  from  all  other  properties,  at  least  one  hun- 
dred feet  on  all  sides,  there  was  a  certain  liability  to  fire  caused  by 
the  nearness  of  the  properties.  But  the  computation  of  the  charge 
was  based  on  a  somewhat  rough  percentage  system.  If  a  risk  of  a 
very  mild  character  stood  adjoining  one  of  a  very  high  hazard  the 
rate  for  (he  two  would  be  made  the  same.  Thus,  a  dwelling  house 
next  to  a  saw  mill  might  take  the  rate  of  the  saw  mill;  or  lumber  in 
the  yard  of  a  saw  mill  directly  adjoining  would  take  the  rate  of  the 
saw  mill.  As  the  distance  between  the  properties  increased  the  rate 
for  the  milder  hazard  would  decrease  abo,  generally  running  out 
entirely  at  one  hundred  feet.  This  method  of  computing  the  charge 
was  crude — no  other  word  expresses  it.  It  rather  ignored  all  other 
factors  except  that  of  distance. 

Universal  System.  The  mercantile  schedule  has  a  very  highly 
developed  exposure  table  which  can  be  clearly  seen  by  studying  the 
reproduced  table  on  page  67.  The  building  may  be  exposed  on  each 
of  its  four  sides,  front,  right,  rear,  and  left.  The  first  facts  gathered 
consider  height,  rate,  distance,  and  the  length  of  the  exposing  side 
for  each  of  the  properties  that  expose  the  risk.  Should  any  of  these 
properties  be  situated  one  hundred  feet  distant,  no  exposure  charge 
is  made  against  the  risk  from  that  side.  For  any  distance  less  than 
that  an  exposure  charge  is  made.  Tables  are  provided  dealing  with 
risks  which  are  under  protection,  pages  67  and  68,  meaning  thereby 
risks  which  are  situated  at  points  or  in  cities  where  there  is  a  fire 
department  and  water  supply;  and  others  dealing  with  risks  which 
are  not  under  protection. 

The  only  difference  between  the  two  tables  is  that  in  the  unpro- 
tected case  the  charges  are  about  twenty-five  per  cent  higher  than 
they  are  in  the  protected.  The  protected  risks,  therefore,  will  serve 
as  an  illustration  without  taking  up  the  unprotected. 

Another  important  division  is  then  made,  viz,  on  the  basis  of 
whether  the  exposure  adjoins  the  risk  or  is  separate  from  it;  this  is 
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done  in  both  the  protected  and  unprotected  cases.  Assuming  that 
the  rate  of  the  exposure  on  any  one  side  is  one  dollar  and  that  the 
separation  from  the  risk  is  ten  feet,  then  a  charge  is  made  of  two- 
tenths  of  one  per  cent  of  the  exposure  rate  for  each  foot  that  the 
distance  is  less  than  one  hundred  feet.  In  this  case  the  rate  of  the 
exposure  was  one  dollar,  and  the  distance  ten  feet,  or  ninety  feet  less 
than  one  hundred  feet;  ninety  times  two-tenths  of  one  dollar  gives 
one  hundred  and  eighty-tenths  or  eighteen  cents.  This  charge  of 
eighteen  cents  constitutes  the  initial  charge  and  is  placed  directly 
beneath  the  heavy  black  lines  at  the  top  of  the  exposure  table.  The 
other  points  which  are  noted  on  the  exposure  table  are  then  taken 
up  and  considered.  Thus,  should  there  be  a  blank  wall  of  the  risk 
toward  the  exposure  for  the  given  side,  four-fifths  of  this  initial 
charge  is  to  be  deducted.  This  simply  means  that  a  solid  brick  wall 
is  deemed  w^orth,  at  this  point,  an  allowance  of  eighty  per  cent  in 
the  exposure  from  that  side.  The  various  other  factors  are  con- 
sidered in  due  order.  The  rule  laid  down  is  the  method  of  computing 
a  charge  where  the  difference  between  the  rate  of  the  risk  and  the 
rate  of  the  exposure  is  less  than  fifty  cents. 

If  the  rate  of  the  exposure  exceeds  the  rate  of  the  risk  by  more 
than  fifty  cents,  the  initial  charge  is  computed  in  this  manner.  Take 
such  a  percentage  of  the  initial  charge  as  equals  the  rate  of  the  risk 
and  then  from  the  excess  table  take  the  additional  charge.  As  an 
illustration,  assume  that  the  rate  of  the  exposure  is  two  dollars  and 
the  rate  of  the  risk  is  one  dollar.  In  this  case  we  have  a  difference  of 
one  dollar  and  must  use  both  tables.  We  may  assume  also  that  the 
distance  is  ten  feet  and  thus  use  eighteen  cents  as  the  initial  charge, 
having  already  found  that  eighteen  cents  is  the  initial  charge  for  a 
one  dollar  ex]K>sure  rate.  But  there  is  left  of  the  exposure  rate  one 
dollar  which  has  not  been  used  in  the  exposure  charge  and  for  this 
there  must  be  added  one-tenth  of  one  per  cent  for  each  one  dollar  of 
rate  that  the  exposure  exceeds  that  of  the  risk.  In  the  first  table 
there  is  added  two-tenths  of  one  per  cent  for  each  foot  of  deficiency. 
In  this  table  it  is  one-tenth.  Hence,  at  ten  feet,  if  eighteen  cents 
were  added  in  the  first  table,  nine  cents  would  be  added  in  this  table, 
so  the  initial  charge  now  would  be  eighteen  cents  plus  nine  cents,  or 
twenty-seven  cents,  and  then  this  twenty-seven  cents  would  be  sub- 
ject to  analysis  by  the  various  items  provided  in  the  exposure  table. 
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In  practice,  after  the  rate  is  computed  for  the  four  sides,  it  is 
customary  to  deduct  a  certain  amount — ^ten  per  cent  is  a  fair  sum — 
and  charge  the  balance  in  the  rate.  This  deduction  is  made  as  a 
general  working  margin  since  it  avoids  recomputation  of  the  exposure 
charge  for  every  trifling  change  that  may  take  place  in  the  exposing 
properties.  The  exposure  chart,  page  48,  sets  forth  all  the  points 
which  have  to  be  taken  into  consideration  except  the  initial  charges, 
which  are  here  shown  complete. 


TABLE  A. 


EXPOSURE  TABLES,  A,  B,  E,  and  F 

PROTECTED  RISKS— SEPARATED 

(i.  e.  within  500  feel  of  hydrants.) 
BRICK  BUILDINGS  BY  BRICK  BUILDINGS  WITH  OPENINGS 


Rate  of 

Rate  of     Rate  of 

Rate  of 

Rate  of 

Rate  of 

Rate  of 

EnxMure  Distance  or 
Beparatinc  Space 

Exposure 
100  cents 

Exposure  Exposure 
200  cent8|300  cents 

Exposure 
400  cents 

Exposure 
500  cents 

Exposure  Exposure 
600  cents  700  cents 

AMOUNT  TO  BE  ADDED  FOR  EXPOSURE 

10  feet. 

.  18  cts 

.36  cts 

.54  cts 

.72ct^ 

.90  cts 

1.08  cts 

1.26  Cts 

20    " 

.16  " 

.32  " 

.48  " 

.64  *' 

.80  " 

.96  " 

1.12  " 

30    " 

.14  " 

.28  " 

.42  " 

.56  " 

.70  " 

.84  " 

.98  •* 

40    '• 

.12  " 

.24  " 

.36  " 

.48  " 

.60  " 

.72  " 

.84  " 

60    " 

.10  " 

.20  ^' 

.30  " 

.40  " 

.50  " 

.60  " 

.70  •* 

60    " 

.08  '* 

.16  " 

.24  " 

.32  " 

.40  " 

.48  " 

.56  " 

70    ** 

.06  " 

.12  " 

.18  " 

.24  " 

.30  " 

.36  " 

.42  " 

80     '* 

.04  " 

.08  " 

.12  " 

.16  " 

.20  " 

.24  " 

.28  " 

90    " 

.02  " 

.04  " 

.06  " 

.08  " 

.10  " 

.12  " 

.14  " 

100     " 

.00  " 

00  " 

.00  " 

.00  " 

.00  " 

.00  *' 

.00  " 

If  the  rate  be  less  than  1  %,  reduce  pro-rata. 
RULE:    If  the  rate  of  the  exposure  does  not  exceed  that  of  the  risk  by  more 
than  50  cents j  add  the  amount  named  in  the  above  table^  Ay  for  the  given  distance. 

If  the  rate  of  the  exposure  exceeds  that  of  the  risk  by  more  than  50  cents, 
add  the  amount  named  in  the  above  table  for  so  much  of  the  rate  of  the  exposure  as 
equals  the  rate  of  the  risk  itself  y  and  also  the  amount  for  the  given  distance  in  the 
following  table  for  such  amount  as  the  exposure  exceeds  the  rate  of  the  risk. 

For  example,  if  a  2  %  risk  exposes  a  1  %  risk  at  20  feet,  the  amount  named  for  1  %  in  the 
above  table  opposite  20  feet  is  16  cents,  and  in  Tabic  B  below  for  100  cents  excess  is  8  cents, 
making  a  total  of  24  cents.  I  f  a  3  r^  risk  exposes  a  2  9c  risk .  the  amount  for  2  %  in  Table  A 
above  at  20  feet  is  32  oc^nts.  and  for  100  cents  excess  in  Table  B  below  is  8  cents,  making 
a  total  of  40  cents.  Thus  the  rate  of  the  risk  would  be  2.40.  The  exposed  rate  of  the  3  % 
risk  would  be  that  of  200  cents  in  Table  A  at  20  feet.  32  cents,  making  total  exposed  rate 
3.32. 

If  risk  has  blank  wall  toward  exposure  deduct  four-fifths  amounts  named 
in  Tables.  If  risk  has  openings,  but  exposure  has  blank  wall  toward  risk, 
deduct  one-half  amounts  named  in  the  Tables. 

Ip  both  walls  blank,  deduct  ninety  per  cent  of  amount  named  in  Tables. 
Ip  opentngs  not  opposite  each  other,  deduct  30%.     If  openings  on  grade 
floor  only,  deduct  25%. 

For  FIRE  shutters  to  the  risk  deduct  50%  of  charge. 

exposure     ''      30%,    " 
both  risk 
and  exposure    "      60%    **       ** 
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If  intervening  distance  exceeds  40  feet  i 
by  1%  for  each  foot  that  the  distance 
deduction  of  90^^. 


the  percentage  of  deduction 
40  feet,  not  exceeding  a  total 


TABLB  B. 

ADD  TO  ABOVB  FOR  IZCBSS  OF  SZPOSURB  RATB 

Erporare  D»t«oee  or 
^wparmtinc  Space 

Add  for 

-  Add  for 

Add  for  !  Add  for 

1  Add  for 

!  Add  for     Add  for 

100  CWDU 

200  cenu300  eeot»IOO  centajSOO  c«iits|600  oentoTOO  cents 

evecM 

,    excess 

1    exoeM       ezceai 

esceM 

ezcca        excev 

10  feet. 

.09ct8 

'    36cts 

'  .81cu!l.44ct8i2.25ct«|3.24ct8!4.41cts 

20     •• 

OS  ** 

.32  " 

.72  " 

1.28  " 

2.00  " 

2.88  " 

3.92  " 

30    •* 

.07    * 

.28  " 

.63  " 

1.12  " 

1.75  " 

2.52  " 

3.43  " 

40     '* 

.06  " 

.24  " 

.54  " 

.96  " 

1.50  " 

2.16  " 

2.94  " 

50     " 

05    • 

.20  " 

.45  " 

.80  " 

1.25  " 

1.80  " 

2.45  " 

60     •' 

04    * 

.16  " 

.36  " 

.64  " 

1.00  " 

1.44  " 

1.96" 

70     •• 

03  " 

.12  " 

.27  " 

.48  " 

.75  " 

1.08  " 

1.47  " 

80    *• 

02  •' 

.08  " 

.18  " 

.32  " 

.50  " 

.72  " 

.98" 

90    ** 

.01  ** 

.04  " 

.09  " 

.16  " 

.25  " 

.36  " 

.49  " 

100      * 

.00  " 

.00  " 

.00  " 

.00  " 

.00  "     .00  '' 

.00" 

TABLE  E. 


PROTECTED  RISKS— AD JOHflNG 


bllLDlNGS 

ADjommG* 


Rate  of  Rate  ofiRate  of  Rate  of  Rate  of 
Exp'rejExp're  Esp*re  £zp*re  Ezp're 
100  cu,200  CU300  cUj400  cts  500  ct9  600~  cUTOO  cts 


Rate  ofRate  of 
Exp*  re  I  Exp're 


AMOUNT  TO  BE  ADDED  FOR  EXPOSURE 


Walls  not  DEnciExr  exceed- 
ing 10  cents  under  Nos.  38  or  39. 


Walia  DEFiciE>rr  exceeding  10 

cents  unclcT  liS  or  39. 

If  one  wall  deficient  one-half  chg. 


Wall  Higher  and  openings  in 
«*xr<«jvs  height.  i)!i  higher  building. 

Charge  on  lower  building. 


cents 
.02 


.06 
.03 


cents 
.04 


12 
06 


08 
02 


24 
10 


HriLDiN(;s  Communicating  on 
t  hr  grade  floor  with  single  fire  door. 

Ifabove  grade  floor       

(If  double  doors,  one-half  charges.) 

\.    B.   — No    DKDrCTION     FOR    FlRK- 

DooRH.   if   exposure   be  an   Oil   or 
"Gueaml"  himk — rate  as  one  hazard 


T 


OS 
14 


16 

28 


cents 
.12 


.18 
.09 


36 
15 


42 
54 


cents 
.16 


.24 
.12 


48 
20 


56 
72 


Party  Wall  with  (iofieioncies 
not  over  24  cents  under  40  or  4 1 . 

Party  Wall  if  deficiencies  ex- 
cchhI  24  cents  under  40  and  41.  or  if 
any  i)ortion  of  wall  is  k»ss  than  12 
inches  thick. 


03       .06  i    .18 


08 


16        24 


24 


32 


cents 
.20 


30 
15 


60 
25 


.70 
.90 


30 


.40 


cents 
.24 


36 
18 


72 
30 


.84 
1.08 


.36 


.48 


cents 
.28 


.42 
.21 


.84 
.35 


.98 
1.26 


.42 


.56 


Wall  Longer  or  Shorter,  openings  being  at  right  angles,  charge  one-fourth  of 
what  would  be  charge  for  distance  between  nearest  openings  by  tables  A  and  B. 

*Wher€  the  Occupancy  Table  first  column  charge  oj  the  adjoining  exposure  ex^ 
ceeds  that  oj  the  risk,  add  one-sixth  of  the  excess  to  aoove  charges  unless  the  separating 
walls  are  independent,  without  communications  and  carried  above  roof. 


RULE:    If  the  rate  of  the  exposure  does  not  exceed  that  of  the  risk  by  more 
than  50  cents,  add  the  amount  named  in  the  above  table. 
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If  tilie  rate  of  the  exposure  exceeds  that  of  the  risk  by  more  than  50  cents, 
add  the  amount  named  in  the  above  table  for  so  miich  of  the  rate  of  the  exposure  as 
equals  the  rate  of  the  risk  itself,  and  also  the  amount  for  the  deficiency  in  the  fol- 
lowing table  for  such  amount  as  the  exposure  exceeds  that  of  the  risk. 


TABLB  F. 


BUILDINGS 

ADJOINING 

Add  to  AboTS  for  Excess  of  Exposure  Rate 

Add  for 
lOOcts 
excess 

Add  for 
200  cts 
excesn 

Add  for! 
300  cts 
oxcess 

Add  for  Add  for 
400cts  500ct8 
excess    excess 

Add  for 

eoocts 

excess 

Add  for 
700  cts 
excess 

Walls  not  DBnciENT  exceed- 
ing 10  cents  under  Nos.  38  or  39. 

cents 
.03 

cents 
.15 

cents 
.45 

cents 
.80 

cents 
1.25 

cents 
1.80 

cents 
2.45 

Walm  DEnciBNT  exceeding  10 

cents  under  38  or  30. 

If  one  wmll  deficient  one  half  chg. 

.08 
.04 

.32 
.16 

.72 
.36 

1.28 
1.14 

2.00 
1.00 

2.88 
1.44 

3.92 
1.96 

Wall  Higher  and  openings  in 
excess  hdght  charge  on  higher  bldg. 

Charge  on  lower  building. 

.08 
.02 

.24 
.10 

.54 
.15 

.96 
.20 

1.50 
.25 

2.16 
.30 

2.94 
.35 

Buildings  Communicatino  on 
the  grade  floor  with  single  fire  door. 

Ifabove  grade  floor      

(If  double  doom,  one-half  charges.) 

.06 
.18 

.28 
.62 

.63 
1.89 

2.12 
2.44 

2.75 
3.25 

3.52 
4.24 

4.43 
5.41 

Party  Wall  with  deficiencies 
not  over  24  cents  under  40  or  41. 

Party  Wall  if  deficiencies  ex- 
ceed 24  cents  under  40  and  41.  or  if 
any  portion  of  wall  is  less  than  12 
ln<mes  thidc. 

.06 
.09 

.20 
.36 

.64 
.81 

.96 
1.44 

1.50 
2.25 

2.16 
3.24 

2.94 
4.41 

ILLUSTRATIVE  EXAMPLE 

One  of  the  most  profitable  methods  of  examining  the  subject 
of  rating  will  be  to  take  a  few  actual  examples.  A  report  for  the 
rates  has  been  made  on  the  categorical  blank  shown  on  page  6  in 
Inspection,  Part  I. 

Preliminary  Charges.  Key  Rate.  The  key  rate  is  fixed  at 
20  cents  for  the  city  and  calls  for  no  labor. 

Wcdls.  The  first  item  that  calls  for  specific  consideration  is 
the  walls  which  are  treated  in  the  items  running  from  38  to  46 J, 
inclusive.  The  report  shows  the  building  to  be  eight  stories  in  height; 
all  four  of  the  walls  are  independent.  The  thickness  of  the  right  wall 
on  the  first  floor  is  sixteen  inches  and  twelve  inches  for  all  floors 
above;  the  left  wall  twenty-eight  inches  for  the  first  and  second  floors, 
twenty  inches  for  the  third,  sixteen  inches  for  the  fourth,  and  twelve 
inches  for  each  floor  above  that.  It  is  CNident  that  the  weaker  wall 
is  the  right  wall  and  that  is  the  one  that  \^ill  be  charged  for  in  the 
schedule.    The  walls  in  this  case  do  not  come  up  to  the  code  standard. 
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A  deficiency  charge  is  due  and  this  deficiency  charge  is  based  on  the 
difference  between  the  wall  as  it  is  and  the  wall  called  for  by  the 
standard  in  the  schedule.  A  standard  independent  wall  should  be 
twelve  inches  at  the  top  story  and  increased  four  inches  for  each  stor>' 
to  the  bottom,  or  an  average  thickness  throughout  of  twenty-sLx 
inches.  The  right  wall  in  the  risk  is  twelve  inches  for  seven  stories 
or  eighty-four  inches  in  all,  and  sixteen  inches  for  the  first  story, 
making  one  hundred  inches  for  the  eight  stories  or  an  average  of 
twelve  and  one-half  inches  for  each  story.  Inasmuch  as  the  require- 
ment is  twenty-six  inches  and  the  building  has  only  twelve  inches 
there  is  a  deficiency  of  fourteen  inches.  The  charge  is  one  cent  under 
item  38  for  each  four  inches  variation  fn)m  the  standard.  Four 
into  fourteen  would  go  three  and  one-half  times,  thus  making  a 
charge  of  three  and  one-half  cents  if  we  could  stop  our  operation 
there,  but  under  item  38  where  the  building  is  above  three  stories 
high  the  charge  would  be  double,  hence,  this  would  make  a  charge 
of  seven  cents,  but  under  item  39  there  is  a  note  to  the  effect  that 
where  two  indei)endent  walls  adjoin,  four  inches  must  be  deducted 
from  the  average  requirement.  That  is  the  case  in  this  instance; 
two  independent  walls  adjoin,  hence  our  average  requirement  would 
not  be  twenty-six  inches  but  twenty-two,  whereas  we  have  twelve, 
leaving  a  deficiency  of  ten  inches,  which  would  make  a  charge  of  two 
and  one-half  cents,  being  one  cent  for  each  four  inches  deficiency, 
but  as  the  building  is  over  tliree  stories  high  this  charge  may  be 
doubled  and  would  give  a  charge  under  item  38  of  five  cents.  None 
of  the  other  deficiency  charges  calle<l  for  under  walls  apply. 

Roof.  The  next  }K;int  to  i)e  considered  is  the  roof  and  the  inspec- 
tion report  states  that  the  roof  is  slag,  a  type  of  composition,  and  the 
charge  under  47  is  one  cent. 

Area.  Area  is  next  sui)ject  to  consideration.  The  building 
has  five  thousand  seven  hundred  square  feet;  two  thousand  five 
hundred  are  allowed  without  charge,  leaving  three  thousand  two 
hundred  to  be  charged  for  at  three  cents  for  one  thousand  square 
feet  or  at  that  rate  for  anv  fraction  of  less  than  one  thousand,  thus 
making  a  charge  of  .09(). 

Height.  The  height  is  eight  stories;  the  fifth  stor>'  is  three  cents, 
the  sixth  story  is  five  cents,  the  seventh  story  twelve  cents  and  the 
eighth  story  fifteen  cents,  a  total  charge  for  height  of  thirty-five  cents. 
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Floor  Openings.  Elevators  and  stairways  have  each  three  series 
of  charges  to  provide  for  different  conditions.  The  inspection  report 
gives  the  information  that  there  are  two  elevators  in  the  building 
and  two  flights  of  stairs.  The  elevator  and  one  of  the  stairways 
adjoin,  the  other  stairway  being  in  another  part  of  the  building. 
It  is  only  permitted  to  make  the  full  charge  for  one  elevator  and 
stairway  with  quarter  charges  for  any  additional  elevators  or  stair- 
ways; the  condition  which  will  fiunish  the  higher  charge,  naturally 
the  poorer  condition,  must  be  taken  for  the  first  charge.  Taking 
the  elevator,  it  is  foimd  in  a  brick  shaft  with  two  and  one-half  inch 
doors  on  an  inclined  track  with  a  fusible  link;  in  other  words,  a 
standard  elevator  for  which  no  charge  could  be  made.  Then  the 
stairways  must  be  considered  to  determine  which  is  the  proper  one 
to  be  charged  for.  There  is  one  flight  of  stairs  through  the  roof  in  a 
brick  shaft  adjoining  the  elevator,  iron  stairs,  kalamein  and  wire- 
glass  doors  to  fire  escapes.  The  second  flight  of  stairs  runs  from  the 
first  to  the  sixth  floor  and  is  open,  from  the  sixth  to  the  seventh  is 
boxed  in  wood  and  has  the  ordinary  wood  and  glass  doors  to  the  loft. 
There  is  an  additional  flight  from  third  to  fourth  floors.  The  poorest 
condition  then  is  the  open  flight  of  stairs.  Under  item  73  an  open 
flight  of  stairs  throughout  the  building  makes  a  charge  of  eight  cents, 
but  in  this  case  the  open  flight  runs  from  the  first  to  the  sixth  floor 
or  it  pierces  five-sevenths  of  the  building;  hence,  our  charge  is  five- 
sevenths  of  eight  cents  or  .057.  The  continuation  of  this  flight  is 
enclosed  in  wood  with  ordinary  doors  and  would  be  chargeable  imder 
item  71,  six  cents,  but  as  it  is  only  one  flight,  one-seventh  of  six 
cents  or  .009.  There  is  an  additional  flight  of  stairs  running  from 
the  third  to  the  fourth  floor  open,  the  proper  charge  is  one-seventh 
of  eight  cents  or  .011,  but  as  this  is  an  additional  flight  only  one- 
fourth  of  the  full  charge  may  be  taken  which  amounts  to  .003. 
Adding  these  various  items  together  the  total  for  the  stairways  is 
.069.  This  is  an  excellent  illustration  of  how  minutely  the  charge 
may  be  computed  concerning  certain  items  of  a  risk.  The  prorating 
of  these  charges  according  to  the  number  of  floors  that  are  pierced 
by  the  openings  is  always  figured  down  to  the  final  mill. 

Other  floor  openings  are  to  be  charged  for  and  the  only  one 
appearing  from  the  survey  is  a  well  hole  lljX14feet  piercing  the 
third  floor.    The  charge  under  item  74  is  five  cents. 
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Skylights.  Skylights  are  found  to  be  over  opemngs  seven  and 
one-half  feet  square  one-fourth  inch  glass  on  metal.  Over  the  main 
building  there  are  three  11}  feet  X  6  feet  X  18  inches  which  are 
wire  glass  on  metal.  The  three  over  the  main  building  are  standard. 
Those  over  the  elevator  are  wrong,  the  deficiency  being  in  the  lack 
of  the  metal  screen  above  the  thin  glass.  The  screen  is  for  the  pur- 
pose of  preventing  burning  brands  falling  into  the  building.  A 
charge  is  made  until  the  screen  is  provided.  There  are  fifty-seven 
square  feet;  nine  are  permitted  without  charge,  leaving  forty-eight 
to  be  charged  for.  The  charge  is  two  cents  for  each  nine  square  feet 
in  excess  of  nine,  not  exceeding  a  total  of  fifteen  cents.  The  charge 
is  .104. 

Lighting.  The  lighting  is  electric.  One  cent  under  item  84. 
The  number  of  tenants  in  the  building  is  three  and  a  three  cent 
charge  is  made  under  item  106. 

Iron  Columns.  Iron  columns  of  which  there  appear  to  be 
several  on  the  first  floor,  12''X12'',  charge  ten  cents  under^item  110. 

Boiler.  The  boiler  which  furnishes  heat  and  power  is  cut  off 
from  the  building,  it  being  under  the  sidewalk,  but  the  door  is  in  a 
verj'  poor  condition,  so  a  charge  is  made  under  item  111  imtil  the 
conditions  are  made  standard. 

This  completes  the  series  of  items  which  have  to  be  considered 
before  the  first  jjrouj)  of  reductions.  The  charges  made  up  to  this 
point  are: 

Key  rate 

Walls Item 

Roof •' 

Area " 

Height '• 

Stairways " 

Well  holes " 

Skylights '' 

Electric  ligiit ** 

Tenants " 

Unprotected  columns " 

Boiler " 

Total 1.112 

Reductions.  Under  reductions  the  posts  and  girders  on  the 
lower  floors  are  ir>"X15'';  on  the  middle  floors  lli"XllJ"andon  the 
upi>er  floors  9i"X9J^  The  beams  are  IT XU*' and  10"X  12'.  Some 
of  the  posts  and  girders  are  a  little  below  standard  but  the  general 
condition  is  so  good  that  the  rater  is  justified  in  making  allowance 


.20 

38.... 

.04 

47.... 

.01 

59. ... 

.096 

63  to  5 

.35 

71  to  3 

.069 

74... 3 

.05 

76.    .. 

.107 

84. ... 

.01 

106.    . 

.03 

110... 

.10 

111... 

.05 
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under  Item  125  for  the  post,  beams,  and  girders  being  not  less  than 
twelve  inches  thick.  Five  per  cent  deducted  from  the  1.112  leaves 
a  balance  to  be  carried  forward  of  1.066.  The  tenant  with  the 
highest  first  colimm  charge  which  must  be  considered  at  127a  has 
furniture  stored  on  the  premises  and  comes  under  occupancy  num- 
ber 603, 25/100.  One-half  of  this  charge  being  in  use  for  the  territory 
where  the  schedule  applies,  twelve  and  one-half  cents  is  added  to  the 
amoimt  brought  over,  making  a  total  of  .091.  No  allowances  apply. 
Final  Building  Rate.  Exposure  has  been  computed  on  the 
table  and  shows  forty-four  cents,  making  the  total  at  this  point  1 .631. 
Deducting  the  15%  for  coinsurance  or  .244  and  there  is  a  final  rate 
on  the  building  of  1.387.  To  recapitulate  from  the  point  where  the 
first  addition  was  made  shows  the  following  results: 

First  total 1.122 

Item  125,  deduct  6% .056 

Remainder 1.066 

Add  50%  of  first  column  charge,  127o .125 

Total 1.191 

Add  item  130,  exposure .44 

Total 1.631 

Deduct  132  coinsurance  15% .244 

Final  rate 1.387 

Effect  of  Possible  Improvements.  Before  taking  up  the  rate 
of  the  contents  of  one  tenant  it  will  be  well  to  examine  the  schedule 
as  thus  computed  to  see  what  charges  may  be  removable  that  will 
reduce  the  rate.  The  key  rate  may  not  be  altered  without  a  general 
change  in  the  city  conditions.  The  walls  in  order  to  be  brought  to 
standard  would  call  for  a  large  expenditure  and  that  may  be  regarded 
as  not  feasible.  A  small  charge  of  one  cent  for  the  roof  would  not 
be  a  profitable  investment,  but  when  the  roof  wears  out  the  matter 
of  a  possible  charge  should  be  borne  in  mind  and  the  standard  roof 
put  on  the  building.  Area  is  a  question  of  fact,  the  building  either 
has  or  has  not  the  number  of  square  feet  which  the  inspector  has 
reported.  It  is  not  a  debatable  point,  as  it  can  always  be  measured 
by  the  tape.  The  remarks  concerning  area  being  a  question  of  fact 
applied  to  many  items. 

The  stairways  next  call  for  consideration  and  i-  h  possible  to 
place  a  standard  shaft  in  the  building  with  standard  doors  and  have 
the  charge  entirely  removed.  The  well  hole  might  be  done  away 
with,  probably  could,  as  light  can  be  so  readily  furnished  now  by 
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means  of  electricity.  The  skylight  without  doubt  can  be  made 
standard  and  that  charge  removed.  Electric  light  has  a  fixed  diarge, 
likewise  the  number  of  tenants,  the  unprotected  iron  posts  can  be 
properly  protected  and  the  ten  cent  charge  disappear.  Finally,  the 
charge  for  the  boiler  can  be  removed  by  standardizing  the  doors 
which  cut  the  boiler  off  from  the  remainder  of  the  property;  hence, 
it  is  found  that  of  the  amount  at  the  first  total  1.122,  .376  furnishes 
the  opportunity  for  corrections  and  the  reduction  of  the  rate  at  that 
point  by  that  amount,  so  that  of  1.122  there  would  only  remain  .746. 
This  illustrates  one  of  the  objects  of  schedule  rating  which  aims  to 
credit  the  good  things  and  penalize  the  bad,  and  is  only  too  glad 
when  the  bad  are  brought  to  a  standard  which  will  permit  of  the 
charge  being  cancelled. 

Fire  paib  may  be  installed;  they  always  pay  for  themselves  in 
the  reduced  insurance  rate  and  a  large  number  of  the  other  items 
are  worthy  of  consideration,  but  at  least  five  per  cent  of  the  rate  at 
the  point  where  the  allowance  is  made  is  subject  to  removal 
for  fire  pails.  The  area  of  a  property  is  five  thousand  seven  hundred 
square  feet,  which  would  call  for  twelve  pails  installed  on  each  floor. 
There  is  no  basement  or  sub-basement.  Pails  can  be  purchased  at 
from  three  dollars  to  four  dollars  a  dozen  and  the  cost  of  stands  or 
hooks  to  place  them  on  would  probably  run  not  more  than  one  dollar 
per  dozen.  At  the  outside,  fifty  dollars  would  equip  the  building  in 
a  standard  manner  with  fire  pails  and  this  allowance  of  course  would 
apply  not  only  in  the  rate  of  insurance  on  the  building  but  also  on 
the  contents. 

Contents  Rate.  There  are  three  tenants  in  the  building,  two 
of  them  being  of  small  moment  occupying  but  a  small  part  of  the 
premises,  while  the  main  tenant  occupies  the  first,  second,  third, 
fourth,  and  eighth  floors.  The  principal  tenant  has  a  storage  of  wire 
with  a  small  amount  of  work  and  a  storage  of  household  furniture, 
the  occupancy  charge  being  fixed  at  25c— SI. 

The  key  rate  for  the  occupancy  is  determined  in  the  following 
manner:  At  point  127a  the  amount  is  1.191.  This  includes  all  the 
building  charges  plus  the  hazard  charge  for  the  most  hazardous 
tenant  in  the  building.  The  schedule  considers  that  the  entire 
deficiency  charges  of  the  property  should  not  apply  to  the  contents 
and  makes  a  reduction  of  ten  per  cent  from  these  deficiencies.     Now 
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the  deficiencies  of  the  building  are  the  amounts  at  127  less  the  key 
rate  which  of  coiu^e  is  not  a  deficiency.  A  perfect  building,  in  other 
words,  would  have  no  charges  against  it;  hence,  any  charges  that 
are  made  are  deficiency  charges. 

The  amount  at  point  127  is  1.066;  deducting  the  twenty  cents 
and  it  is  .866;  ten  per  cent  of  this  is  .0866.  But  as  the  work  is  only 
carried  to  three  points  beyond  the  decimal  it  becomes  .087,  the 
fourth  point  being  dropped  if  it  is  below  five,  but  adding  one  to  the 
third  point  if  it  is  five  or  over.  The  amount  at  127a  is  1.191  less 
ten  per  cent  of  the  deficiency  charges  or  .086,  leaving  as  the 
key  rate  of  the  contents  1.105.  There  must  be  added  seventy-five 
per  cent  of  the  second  colunm  of  the  stock  to  be  rated  which  b  that 
of  furniture  with  a  second  colunm  charge  of  one  dollar  and  the 
amount  added  is  seventy-five  cents.  The  stock  must  now  be  charged 
according  to  its  location  on  the  different  floors.  It  is  found  on  the 
first,  second,  third,  fourth,  and  eighth.  There  is  no  charge  for 
stock  on  the  first  floor;  on  the  second  the  charge  is  five  cents;  on  the 
third  it  is  ten  cents  and  on  the  fourth  it  is  fifteen  cents,  while  on  the 
eighth  it  b  thirty-five  cents.  The  sum  total  of  these  charges  b  sixty- 
five  cents.  But  the  stock  is  distributed  over  five  floors  so  the  insured 
b  entitled  to  this  dbtribution  of  the  stock  which  b  of  advantage  to  the 
insurer.  Five  into  sixty-five  goes  thirteen  times.  A  total  then  at 
thb  point  is  made  up  as  follows: 

Key  rate  for  contents 1.105 

Occupancy  charge 75 

Height  above  grade .13 

Total 1.985 

No  allowances  apply,  but  any  item  for  which  an  allowance  can  be 
made  should  be  taken  up  by  the  parties  in  interest  to  see  if  the 
reduced  insurance  would  not  more  than  pay  for  their  installation. 
The  exposure  (44)  must  now  be  added  to  the  1.985  and  the  next 
total  b  2.425;  deducting  coinsurance  of  seven  and  one-half  per  cent 
or  .181  and  the  final  rate  b  2.244. 

Final  Analysis  of  Rate.  Thb  is  the  normal  process  of  computing 
a  rate.  It  b  an  analysb  according  to  the  facts  presented  by  the 
inspector's  report  and  the  charges  called  for  by  the  schedule.  The 
proper  consideration  of  the  various  items  in  the  case  is  one  which 
requires  a  certain  nice  discrimination  and  at  times  becomes  more  a 
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question  of  equity  than  it  does  of  what  the  schedule  demands.  In 
schedule  rating,  as  in  a  great  many  other  things,  'The  letter  killeth 
but  the  spirit  maketh  life." 

It  will  have  been  noticed  that  if  the  improvements  which  may 
be  made  in  regard  to  deficiency  construction  features  are  carried 
out  the  key  rate  of  the  contents  will  profit  just  as  much  as  the 
rate  on  the  building,  since  the  two  work  together.  It  is  also  worthy 
of  more  than  passing  notice  that  it  is  the  height  which  b  the  great 
factor  in  making  the  rate  of  insurance  on  this  property  so  high.  Of 
the  total  charges  at  the  first  footing  of  1.122,  thirty-five  cents  comes 
from  height  and  when  these  charges  are  reduced  as  they  might  be 
by  various  reductions  suggested  and  there  remains  at  the  first  foot- 
ing .746  the  height  charge  of  thirty-five  cents  furnishes  about  one- 
half  of  the  rate  and  yet  this  extreme  penalization  of  height  is  in 
accord  with  the  best  underwriting  judgment  throughout  the  wwld. 

Exposure,  The  exposure  table  must  be  given  further  considera- 
tion in  our  analysis  of  the  process  of  rate  making.  In  the  rate  of 
insurance  forty-four  cents  has  been  given  as  the  exposure  charge. 
The  table  on  which  it  is  computed  shows  that  this  charge  is  made 
up  in  the  following  manner: 

The  front  is  not  subject  to  any  exposure  charge,  there  being 
no  exposing  property  within  one  hundred  feet.  On  the  right  there 
is  a  two-story  building  with  a  rate  of  seventy-five  cents  at  a  dis- 
tance of  twenty-five  feet,  having  a  length  of  side  of  thirty  feet.  This 
is  all  the  necessary  information  required  to  commence  computing 
the  exposure.  The  rate  of  the  building  at  that  point  before  the 
exposure  is  added  is  1.191.  The  rate  of  the  exposure  is  seventy- 
five  cents.  The  full  charge  will  be  made  under  the  first  table.  The 
distance  is  twentv-five  feet  or  a  deficiencv  of  seventv-five  feet.  At 
twenty  feet  the  initial  charge  for  one  dollar  of  exposure  would  be 
sixteen  cents;  at  thirty  feet  it  is  fourteen  cents;  hence,  as  twenty- 
five  is  midway,  the  initial  charge  is  fifteen  cents.  But  the  exposure 
has  a  rate  of  seventy-five  cents,  not  one  dollar,  so  three-fourths 
of  fifteen  cents  is  taken  as  the  initial  charge,  or  .113.  Examining 
the  conditions  it  is  found  that  no  item  applies  until  the  length  of  the 
exposed  side  of  risk  is  reached  and  this  is  thirty-five  or  forty  feet 
less  than  seventy-five  feet.  It  is  considered  that  the  heat  which 
may  be  generated  by  seventy-five  feet  length  is  about  the  maximum. 
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That  is,  a  building  with  that  length  of  side  on  fire  represents  the 
maximum  degree  of  heat  which  may  be  generated,  and  if  the  property 
exposed  presents  less  than  that  front  to  the  exposure  it  is  considered 
an  advantage,  and  the  same  is  true  if  the  exposiu*e  itself  is  less  than 
seventy-five  feet. 

Therefore,  from  .113  under  the  length  of  exposed  side  of  risk 
forty  per  cent  may  be  deducted  or  .045,  leaving  .068.  The  exposure 
has  a  length  of  side  of  twenty-five  or  fifty  feet  less  than  seventy-five. 
A  deduction,  therefore,  is  one  per  cent  for  each  two  feet;  hence, 
there  is  twenty-five  per  cent  deduction  from  the  .068  which  equals 
.017  leaving  .051. 

Height  of  exposure  is  the  next  item  to  be  considered.  The 
exposure  is  only  two  stories  high  and  ten  per  cent  is  deducted  for 
each  story  less  than  five;  hence,  thirty  per  cent  would  be  deducted 
in  this  case,  or  .015  leaving  .036.  No  other  items  apply  and  the 
amount  is  brought  down  to  the  bottom  of  the  column  .036. 

It  will  be  noted  here  that  shutters  would  make  an  exceptionally 
substantial  reduction  from  this  side,  but  it  should  also  be  pointed 
out  that  the  exposure  from  this  side  started  with  an  initial  charge  of 
.113  and  has  been  reduced  to  about  one-fourth  of  that  amount  by 
the  permissible  reductions.  The  exposure  in  the  rear  comes  from 
a  foiu'-story  building  at  a  distance  of  ten  feet  with  a  rate  of  sixty-five 
cents.  It  is  more  than  seventy-five  feet  in  length  and  likewise  the 
risk  itself  is  more  than  seventy-five  feet  exposed  on  this  side.  The 
initial  charge  here  is  taken  from  the  first  table.  At  ten  feet  if  the 
exposing  rate  was  one  dollar  it  would  be  eighteen  cents,  but  the 
exposing  rate  is  only  sixty-five  cents,  so  that  percentage  is  taken  for 
the  initial  charge  or  .117.  No  item  either  increasing  or  decreasing 
the  exposure  on  this  side  applies  excepting  one  and  that  is  the  height 
of  the  exposiwe.  It  is  only  four  stories  high  and  the  ten  per  cent 
reduction  is  made  or  .012,  leaving  .105.  The  exposiwe  on  the  left 
is  a  fireproof  building  wdth  a  rate  of  $1.12  at  a  distance  of  ten  feet. 
The  exposure  itself  has  more  than  seventy-five  feet  in  length  and 
the  risk  has  sixty-five  feet  on  that  side.  The  initial  charge  is  taken 
from  the  first  table  which  is  eighteen  cents  for  one  dollar.  But  as 
the  rate  of  the  exposure  is  $1.12,  the  additional  amount  over  one 
dollar  or  twelve  per  cent  must  be  added,  making  an  initial  charge 
of  .202.    No  reduction  applies  except  the  five  per  cent  reduction  for 
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length  of  side  which  is  one  cent,  leaving  nineteen  cents  which  may 
be  brought  down  to  the  bottom  of  the  column.  The  exposure  b 
now  found  to  consist  of  the  amount  computed  for  three  sides,  namely: 
Right  side  .036,  rear  .105,  left  .19;  a  total  of  .331.  The  risk  itself  is 
more  than  five  stories  high  and  we  must  add  to  this  charge  fifteen 
per  cent  for  each  story  over  five  or  forty-five  per  cent,  which  is  14.9, 
which,  added  to  the  .331,  makes  a  total  exposure  charge  gross  of 
forty-eight  cents.  Deducting  the  ten  per  cent,  which  is  a  working 
margin,  leaves  a  net  result  of  .432,  and  in  computing  rate  the  even 
cents  are  used,  or  forty-foiu*  cents. 

This  is  a  fair  illustration  and  an  actual  example  of  the  method 
of  rating  on  the  non-fireproof  mercantile  schedule. 

SCHEDULE  FOR  FIREPROOF  BUILDING 

Early  Rates  for  Fireproofing.  The  fireproof  building  while 
old  in  a  certain  sense,  since  early  examples  were  erected  one  hundred 
years  ago  along  somewhat  modem  lines,  is  nevertheless  quite  new 
from  the  standpoint  of  insurance  rating.  In  the  very  beginning 
the  tendency  was  to  over-estimate  this  form  of  oonstniction  and  it 
took  many  years  before  there  was  evolved  a  treatment  of  that  type 
of  construction  which  was  at  all  satisfactory.  The  earliest  attempts 
used  the  rate  of  a  non-fireproof  building  and  from  that  made  a  cer- 
tain percentage  deduction  if  the  structure  was  fireproof.  In  certain 
cases  that  treatment  is  still  followed  and  there  are  rules  in  force 
today  which  simply  make  this  distinction  between  the  fireproof 
and  non-fireproof,  namely:  The  property  is  rated  as  though  it  was 
of  non-fireproof  construction  and  then  a  deduction  of  a  fixed  per- 
centage is  made.  It  may  be  forty  per  cent  for  the  contents  and  sixty 
per  cent  for  the  building. 

The  next  advance  was  reached  when  the  building  began  to  be 
considered  by  floor  units  and  different  rates  were  made  for  each 
floor.  This  was  but  little  more  than  the  application  of  an  ordinary 
schedule  with  a  series  of  lessened  charges  according  to  the  height  of 
the  floor  and  the  general  construction  of  the  building. 

There  is  some  advantage  in  a  non-bumable  floor,  although  in 
other  resj>ects  the  building  may  be  of  inferior  construction,  espe- 
cially in  regard  to  the  floor  openings  which  have  generally  been  the 
weakest  point  in  connection  with  a  fireproof  building,  the  next 
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being  the  lack  of  protection  to  the  windows  and  the  improper  pro- 
tection of  the  metal  members.  Experience  in  fires  has  called  atten- 
tion very  sharply  to  these  defects  and  so  far  as  the  protection  to  the 
metal  members  is  concerned,  that  is  now  very  well  taken  care  of. 
Gains  are  also  being  made  in  regard  to  proper  window  protection. 
The  floor  openings  are  perhaps  still  unsatisfactory  in  many  of  these 
properties. 

There  are  fireproof  structures,  as  apartment  houses,  which  have 
been  rated  by  the  old  method  of  flat  rating  for  a  great  many  years. 
This  b  based  on  the  idea  that,  as  no  distinction  is  made  in  rating  a 
non-fireproof  apartment  house  but  one  rate  covers  all  for  either 
the  building  or  the  contents,  the  same  should  be  true  of  a  fireproof 
apartment  house  which,  even  though  it  be  larger  and  higher,  has  as 
an  off-setting  feature  the  superior  construction.  Such  properties 
in  certain  parts  of  the  country  have  been  written  at  rates  running 
from  eight  to  ten  cents,  the  difference  between  the  two  rates  being 
merely  a  rough  division  for  height  which  is  taken  at  about  ten  stories. 
Properties  under  this  height  taking  lower  rate;  above  taking  the 
higher  rate. 

Universal  Rates.  The  mercantile  schedule  includes  a  distinct 
fireproof  schedule  which,  like  the  non-fireproof,  may  never  have 
been  used  exactly  as  it  is  given  in  the  book,  but  yet  very  nearly  so. 
Reproduction  of  one  of  these  schedules  which  is  in  active  use  illus- 
trates the  plan. 


KEY  RATE  (being  Key  rate  25c.  leas  F.  D.  deductions)  .10 

WALLS.  286 — If  skeleton  construction,  wrought-iron  or  steel  columns  or 
vertic&l  supports  (no  charge  for  cast-iron) ,  charge  .02 

287  Average  thickness  of  two  side  or  bearing  walls  (or  either  of  them)  less 

than  twenty  inches  (obtained  by  adding  thickness  of  various  stories 
and  dividing  by  the  number),  charge  for  bach  inch  of  deficiency  .01 ; 
if  any  portion  of  wall  less  than  twelve  inches,  double  the  charge:  (if 
built  according  to  Building  Law  no  charge) 

288  For  each  widl  of  stone  or  veneered  with  stone  ashlar,  plain,  or  "axed" 

finish,  charge  .02 ;  if  carved  or  ornamental  .03 

UNPROTECTED  IRON.  290 — If  columns  and  lower  flanges  of  iron 
beams  unprotected  (halve  charges  for  office  buildinjss)  as  follows: 
for  unprotected  cast-iron  colunms  .10;  unprotected  wrought-iron 

or  steel  colunms  .15:  unprotected  lower  flanges  of  beams  .02 

(N.B.    Columns  filled  with  cement  dangerous.) 
AREA.     293 — 5.000  sq.  ft.  to  10,000,  each  1.000  in  excess  of  5.000.  i  of  .01 

294     If  over  10.000  sq.  ft.  each  1,000  in  excess  of  10.(X)0.  .02 

(Not  exceeding  a  total  of  .50.) 
(If  building  occupied  exclusively  above  grade  fioor  for  offices*  or 

dweUinss,  no  cnarge  for  area.) 
(Note. — If  mercantile  building  exceeds  twelve  stories,  double 
area  chwge.) 

294a    Wood  partitions  or  plaster  on  wood  studs  and  laths  .05* 

HEIGHT.     295 — ( Stories).     For  each  story  over  eight  up  to  twelve. 

chajve  .01. 

296    Tweinh  story  and  each  story  over  twelve  up  to  fifteen  .03 

Amount  carried  forward 


NO. 
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Amount  brought  forward 

207    Fifteenth  and  each  atory  OTer  fifteen,  charge  .10 

(Offloe  buildings*  charge  one-fourtn  height  charges.) 

297a  If  merchandise  stored  above  the  seventh  floor,  charge  10  cents,  and 
add  2  cents  niore  for  each  floor  above  seventh  up  to  tenth,  and  6 
cenu  more  for  tenth  and  each  floor  above  tenth.  For  example,  an 
eleven  story  building  would  have  24  cents  added.  No  charge  for 
sample  stocks  and  only  one-half  charge  for  stocks  whose  first  col- 
umn charge  is  less  than  10  cents. 

FLOORS.  298— Wood  floor  boards  laid  woAid  on  concrete  without  air 
space  .05,  if  with  air  sx>ace  .10.  (office  buildings*  one-half) 

FLOOR  ARCHES.  298a— If  concrete,  cement  or  approved  piMter  com- 
position floor  arches  with  iron  centers  or  supports  (such  as  Metro- 
politan. Roebling.  Expanded  Metal.  Fawoett.  Columbian,  Bidley, 
Guastavino)  (no  charge  for  segmental  arches  of  brick  or  burnt  day 
or  terra  cotta)  .04 

If  on  exposed  corrugated  iron  centers  .05.    If  flat  arch  supported  on 
iron  (such  as  Rapp's  flat  tyrr)  .08.     If  space  between  iron  floor 

beams  exceeds  5  feet,  for  each  foot  in  excess  .01 

N.B.    One-half  those  charges  in  offloe  or  hotel  buildings. 
ELEVATOR.     299 — Not  cut  off  according  to  standard,  but  in  hallway  or 

cncljscd  court .  etc..  .0)  (Office or  hotel  building,  charge  .01) 

800    Open.  .06  (odce  building,  charge  .02) 

301     Enclosed  in  wood  and  glass.  .10  (one-half  charge  for  office  buUdlng) . . . 
(NoTR — If  elevator  and  stairway  in  one  shaft  or  opening,  one  charge 
for  the  two.    For  each  additional  elevator  not  cut  off  add  .01 . ) 
STAIRWAYS.     302— Not  cut  off  except  by  wood  lath  and  plaster  hall- 
way, etc..  .06 

303  If  enclosed  In  wood  and  glass.  .10  (one-half  charge  in  offloe  or  hotel 

building) 

304  Open,  charge  \  cent  each  floor  not  exceeding  a  total  of  .07  in  mercan- 

tile builcflng  and  .02  in  office  or  hotel  building 

(One-half  chargo  for  302.  3a3  or  304  if  charge  has  been  made  for  299. 
300.  or  301 . )     For  additional  stairway  no  charge. 
Stairway  and  elevator  same  shaft  or  opening,  one  charge  for  the  two. 

305  If  at  least  one  stairway  is  not  flre-proof  with  metal  treads  under  riate 

or  marble  treads  (which  will  yield  to  flre),  charge  as  many  times  .02 
as  the  building  has  floors  (one-third  charge  for  office  building).  If 
stairway  in  flre-proof  hall  or  enclosure  protecting  stone  treads  from 

heat  one-half  final  charge. 

WELLHOLES.  ETC.     305 — Open,  for  xach  FLOoa  PiaacxD.  .03 

(llalf  charge  for  office  building.) 

WOOD  CHUTES.  VENTILATING  SHAFTS.  DUMB-WAITERS. 
INTKRIOR  COURTS.  CHANNELS  FOR  PIPING  OR  ELEC- 
TRIC WIRES.  ETC..  a07— Eacu  kloor  piebced.  one  cent. 
NoTK. — No  chargo  no«xi  Ih»  made  for  openings  for  steam  and  water 
piiK^  if  the  space  around  the  pipes  is  flUed  in  with  n-ineral  wool. 
asiK'sttis.  or  other  inconihiLstible  material,  or  otherwise  arranged 
to  prevent  draughts  and  prevent  leakage  of  water  to  floor  below. 

SIO'LKJHTS.  .30« — Exceeding  nine  square  feet,  for  each  nine  square  feet 
Uiot  exceeding  total  oflO) ,  .01 

309     If  covered  with  strong  wire  netting,  one-half  charge 

STREET.  310 — If  strt^'t  on  which  building  fronts  Is  less  than  sixty  feet 
widv^"  but  over  fifty  (unless  opposite  side  vacant).  .01 

31 1     If  under  fifty  feet,  for  each  five  feet  under  fifty,  .01 

NUMIUU  OF  TENANTS  31.3— Each  in  excess  of  one.  exclusive  of  office 
and  dwelling  tenants,  i  cent 

MANUFACTURING  RISKS.  313a — Charge  .01  for  every  20  operatives 
employ(Hi  in  excess  of  20  not  exceeding  a  total  of  10  cents  where 
first  column  chargo  does  not  exceed  25  cents,  and  double  this 
anioimt  for  those  tenants  whose  first  column  charge  exceeds  25 
cents,  but  not  exceeding  a  total  of  .25 

STONE  Pi'^rs.  stone  colurrns.  pillars,  or  brick  piers  with  bond  stones  or 
cap  stones.  .3ir> — carrying  Important  weights,  especially  if  sup- 
iKjrting  l)eam.s  or  girders  in  basements,  cellars,  etc..  charge  accord- 
ing to  nunilxT.  not  less  than  .02 

Total 

EXCTEPTIONAL     CONSTRUCTION— For  fireproof  floor  surfaces   of 

cement  concrete  or  asphalt  deduct  5  per  cent 

If  fioors  inclined  for  carrying  off  water  with  scuppers  2  per  cent. . . 

METAL  TRIM  THROUGHOUT,  deduct  5  per  cent 

320     RESULT  CARRIED  FORWARD 


NO. 


♦Office  buildings  include  partial  occupancy  by  sample  stocks  or  small  restaurants  or 
grade  floor  stocks  whoso  first  column  charge  is  less  than  16  percent. 
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RESULT  BROOOHT  FORWARD 

'  'd  for  oocupuicir — {2S  per  cent  unount  In  Dnt  ralumn  ofuble.  ■dectlna 

■■ ' ■  ■■ ' V  charge  6  per  cent  of 

"-  occupancy  la  located 


cy — {2S  per  o 
*  bBunfoiu 


nbFch 


344     SMQdplpe.  D^  11 


re  kIuth  to  ccolrsl  itatlon  1< 


BT  ceot  to  10  cents 

_r  IkiidlDBB  with  external  Siamese  street 

wororedept.,  G  percent 

StBDdplpe,  Internal  wltb  tank  supply.  1  percent 

Automattc  spriaklen  In  baaement.   3  per  cent  (no  deduction 
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DISCUSSION  OF  BUILDINQ  CHAROE  AND  DBDUCTIONS 

There  are  but  few  points  in  the  schedule  which  will  require 
special  consideratioD,  because  the  general  principles  of  schedule 
rating  have  been  fairly  fully  covered  in  the  consideratioD  given  to 
the  non-fireproof  schedule. 

Key  Rate.  The  key  rate  in  any  given  town  or  city  would  be 
the  same  whether  the  structure  were  of  fireproof  or  any  other  type. 

Skeleton  Structures.  Item  286  on  the  schedule  shows  that  a 
charge  is  made  for  tlus  type  of  construction.  This  is  a  modem  fire- 
proof building  type.  When  the  schedule  was  evolved  many  years 
ago  there  was  a  general  impres^on  that  these  metal  members  would 
not  wear  well,  but  would  be  subject  to  certun  peculiar  kinds  of 


84  FIRE  INSURANCE  RATING 

damage  and  deterioration.  In  the  lapse  of  time  one  or  two  of  these 
fireproof  buildings  have  been  torn  down,  notably  an  eleven-story 
building  at  the  northwest  comer  of  Wall  and  Nassau  streets  in  New 
York  City.  It  showed  that  the  skeleton  frame  was  practically  per- 
fect and  the  building  had  been  erected  fifteen  years,  so  it  is  extremely 
doubtful,  if  the  schedule  were  revised  today,  whether  the  charge  would 
be  included  or  not;  in  all  probability  it  would  not. 

Unprotected  Iron*  It  has  taken  many  years  of  education  to 
bring  the  builders  and  owners  to  the  point  where  the  proper  pro- 
tection of  metal  members  is  appreciated.  The  result,  however,  has 
been  gradually  brought  about  and  it  would  be  a  peculiar  case  today 
where  such  a  structure  could  be  erected  and  the  metal  members 
not  adequately  protected  from  damage  by  fire.  The  phrase  fire- 
proof has  proved  to  be  rather  deceptive  to  many  as  covering  almost 
any  tjTJe  of  construction  that  was  a  little  better  than  non-fireproof. 
There  is  no  magic  in  the  word  fireproof  and  the  careless  or  defective 
construction  of  such  properties  simply  means  an  increased  loss  at 
the  time  of  the  fire. 

Area.  Twice  as  many  square  feet  are  permitted  in  this  type 
of  structure  as  in  the  non-fireproof  before  charges  are  imposed, 
and  even  up  to  a  total  area  of  ten  thousand  square  feet  the  charge 
is  very  slight;  l)eyond  that  point  it  increases  rapidly,  having  the 
stop  point  which  is  necessary  and  also  haWng  an  additional  note 
that  if  the  building  be  over  twelve  stories  high  double  the  charge 
must  be  made.  There  is  one  other  interesting  practice  in  regard 
to  the  area  of  the  fireproof  building  and  that  is  where  it  is  occupied 
for  offices  or  dwellings  no  charge  is  made.  It  is  based  on  the  fact  that 
buildings  of  that  t>'pe  of  occupancy  are  supposed  to  be  divided  into 
small  areas  with  a  fair  prospect  of  a  fire  being  confined  to  one  room. 

Height.  lender  item  297a  there  will  be  noted  that  a  certain 
charge  is  made  if  merchandise  is  stored  above  the  seventh  floor. 
This  is  quite  a  heavy  charge  and  is  founded  on  a  desire  to  keep 
stocks  below  the  eighth  floor  and  also  the  belief  that  presence  of 
stocks  on  the  upper  floors  would  tend  to  wTCck  the  building  during 
a  fire.  The  first  reason,  when  the  property  is  unsprinklered,  is 
certainly  excellent,  since  the  difficulty  of  fighting  a  fire  in  such  a 
building  beyond  the  height  noted  is  enormous.  In  fact,  there  is 
no  wa}'  for  the  firemen  to  get  hold,  but  it  must  burn  itself  out. 
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which  was  what  happened  when  the  Parker  Building  fire  occurred 
in  New  York  City.  This  was  a  twelve-story  building  unsprinklered, 
with  poor  floor  openings,  stocks  on  every  floor.  The  fire  took 
possession,  so  to  speak,  of  the  property  and  burned  until  it  ex- 
hausted itself.  The  firemen  were  not  able  to  do  more  than  protect, 
to  a  certain  extent,  surrounding  property. 

Floors*  This  point  in  the  schedule  brings  out  an  interesting 
fact  in  connection  with  the  old  method  of  construction.  The  girders 
were  and  are  rather  deep  and  there  was  left  a  very  large  space  between 
the  under  side  of  the  floor  boards  and  the  top  of  the  arch.  This 
charge  was  placed  in  the  schedule  purposely  to  bring  about  the  fill- 
ing up  of  this  space  so  that  the  floor  boards  would  lay  solid  on  con- 
crete. A  distinct  advance  has  been  made,  even  in  this  method, 
and  buildings  are  being  erected  which  are  comfortable  and  yet  have 
the  solid  concrete  floors  without  wood  surface. 

Floor  Arches.  The  distinction  made  between  the  brick  or 
terra  cotta  arch  and  concrete,  like  item  286,  would  probably  not 
be  made  today.  Far  more  is  known  about  concrete  than  was 
knoT^n  fifteen  years  ago  and  the  competition  between  the  two  tyi)es 
of  construction  has  perhaps  brought  the  efiiciency  of  each  to  prac- 
tically the  same  point  so  far  as  insurance  is  concerned.  It  was 
sound  practice  which  placed  as  the  standard  the  brick  or  terra  cotta 
segmental  type  of  arch.  The  segmental  form  has  practically  passed 
away  and  the  flat  arch  has  taken  its  place.  That  is  another  good 
reason  why  no  distinction  would  be  made  today  between  the  two  tyi)es. 

Width  of  Streets.  The  charges  for  this  condition  are  based 
on  the  diflSculty  of  fighting  fire  in  a  high  building  which  fronts  on 
a  very  narrow  street. 

Exceptional  Construction.  For  exceptional  construction  such 
as  the  absence  of  wood  floor  boards  an  allowance  is  then  made. 
It  will  be  noted  that  the  persons  who  erect  the  structure  gain  doubly 
by  omitting  the  wooden  floor  boards.  No  charge  would  be  made 
under  item  298  and  there  would  be  the  credit  at  the  bottom.  De- 
duction is  also  made  if  metal  trim  is  used  throughout  the  building. 
This  means  that  the  finish,  base  boards,  and  all  other  parts  are 
covered  with  metal.  That  is  being  done  to  a  slight  extent.  There 
are  a  few  properties  which  have  been  built  according  to  these  items 
and  are  receiving  the  allowance  therefor. 
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Final  Rate.  The  first  column  charge  as  it  would  affect  the 
building  does  not  differ  from  that  in  the  non-fireproof.  The  deduc- 
tions for  fire  appliances  are  practically  the  same  with  the  possible 
exceptions  that  the  standpipe  b  treated  on  a  somewhat  higher  basis, 
and  furthermore  under  item  353  a  substantial  allowance  is  made 
for  an  auxiliary'  private  fire  plant.  After  the  deductions  are  made 
the  exposure  is  added  and  then  any  reduction  due  for  sprinklers 
and  finally  the  reduction  for  coinsurance.  Then  come  faults  of 
management.  A  stop  rate  is  fixed,  below  which  the  rate  of  insurance 
does  not  fall.  It  is  possible  to  erect  fireproof  buildings  of  seven 
stories  in  height  and  by  following  the  schedule  as  a  standard  to  so 
avoid  charges  that  the  minimum  rate  of  five  cents  is  reached  in  an 
office  building  and  ten  cents  in  a  mercantile  property. 

CONTENTS  RATB 

Stock  Above  Seventh  Floor.  The  various  charges  provided 
for  in  computing  the  rate  of  the  contents  do  not  call  for  any  special 
elucidation,  as  they  have  been  quite  fully  treated  under  the  non- 
fireproof.  The  exception  to  this  statement  is  perhaps  found  in  the 
charges  which  are  made  for  the  height  of  stocks.  Thus,  if  mer- 
chandise is  stored  al>ove  the  seventh  floor  each  stock  in  the  building, 
no  matter  on  which  floor  rated,  is  subject  to  a  charge  of  one  cent 
for  each  floor  that  the  building  is  stories  in  height.  The  schedule 
Is  very  severe  against  placing  stocks  above  the  seventh  floor  and 
bears  down  upon  them  very  severely  for  infractions  of  thb  rule; 
exiKTience,  however,  has  demonstrated  that  such  severity  is  only 
just. 

A  fire  occurred  in  an  office  located  on  the  twenty-sixth  floor 
of  the  Singer  tower.  The  construction  of  the  tower  is  such  that  the 
fire  was  confine<l  to  the  room  in  which  it  started,  but  it  completely 
destroyed  the  contents  of  that  room.  A  fireproof  building  wdll  act, 
and  the  better  its  construction  the  better  it  will  act,  like  a  furnace; 
it  holds  the  property  within  itself  as  a  furnace  holds  fuel  wnthin  its 
body  and  permits  it  to  burn.  It  is  less  susceptible  to  exposure  fires 
probably,  but  it  is  a  serious  question  as  to  whether  even  this  point 
which  has  run  in  favor  of  the  fireproof  buildings  is  not  rather  due 
to  the  fact  that  there  have  not  been  enough  of  such  structures  in 
the  country  to  furnish  the  law  of  average. 
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Charges  and  Deductions.  The  deductions  for  various  appliances 
follow,  then  the  exposure,  the  sprinklers,  the  coinsurance,  the  charges 
of  the  faults  of  management,  if  any,  added  and  the  stop  rate  fixed. 
In  regard  to  the  faults  of  management  it  must  be  pointed  out  that 
while  in  a  non-fireproof  building  they  are  charged  against  every 
tenant  and  against  the  building,  in  a  fireproof  building  certain  minor 
defects,  as  excess  benzine,  unsafe  gas  brackets,  are  charged  against 
the  individual  tenant  on  whose  floor  they  exist.  This  is  in  accord- 
ance with  the  now  accepted  principle  of  treating  a  separate  floor  or 
floors  of  a  fireproof  buildmg  as  distinct  units  and  making  the  charges 
apply  to  the  individual  floor.  The  defect,  of  com^e,  may  be  so  seri- 
ous, as  in  the  case  of  steam  pipes  which  run  through  the  building, 
that  the  charge  may  be  made  in  the  building  rate  and  that  of  every 
tenant  in  the  building. 

Coinsurance.  Coinsurance  in  connection  with  the  rating  of 
fireproof  properties  calls  for  different  treatment,  and  it  calls  for  quite 
different  treatment  in  regard  to  the  building  as  against  the  contents. 

The  general  statement  may  be  safely  made  that  so  far  as  stocks 
are  concerned  in  a  fireproof  building  there  is  but  little  if  any  advan- 
tage over  a  non-fireproof.  They  may  fare  somewhat  better  in  the 
case  of  an  exposure  fire,  but  once  the  fire  has  secured  a  foothold,  a 
stock  would  burn  even  more  readily  than  it  would  in  a  non-fireproof 
building.  In  the  case  of  the  building,  however,  the  superior  con- 
struction will  resist  fire,  even  a  very  severe  one,  and  come  through 
it  in  a  fairly  good  condition.  In  the  illustration  showing  the  damage 
to  the  piers  in  the  Canuneyer  fire  a  loss  on  contents  in  the  building 
was  about  a  half  million  dollars.  The  loss  to  the  building  was  about 
thirty  thousand  dollars,  or  a  rather  small  percentage  of  the  build- 
ing value;  but  in  the  case  of  the  contents,  practically  a  total  loss. 
In  the  Parker  Building  fire,  on  which  the  insurance  loss  was  the 
largest  that  ever  occurred  in  a  single  property  in  the  history  of  fire 
insurance  in  the  western  hemisphere,  the  loss  on  contents,  amount- 
ing up  to  a  million  and  a  half,  was  practically  total,  and  while  the 
loss  on  the  building  was  large  it  was  only  about  sixty  per  cent  of 
the  value  of  the  building.  The  structure  was  twelve  stories  high. 
The  fire  raged  very  severely  for  over  twelve  hours  and  in  due  time 
burned  itself  out.  In  spite  of  this  severe  punishment  which  the 
building  received,  it  still  brought  forty  per  cent  of  its  value  through 
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as  salvage.  The  sunie  Icsscin  has  l)oen  taught  by  small  fires  where 
the  t'litirc  conti'uts  of  a  fliH)r  may  he  (lestn>ywi  and  the  damage  to 
the  huiltling  he  very  slijrht,  so  there  no  longer  exists  any  doubt 
and  did  net  when  the  srhiniule  was  pnxhieed,  but  wliat  tliere  should 
\}v  a  shar]>  ditrereiice  hetwei*n  the  coinsurance  allowance  on  the 
contents  ami  huiMing. 

On  Cimtt'fits.  Ill  the  ease  of  the  contents  the  allowance  for 
eoin>urance  Is  ha.seil  on  the  fact  that  the  first  twenty  per  cent  of 
iiisiiraiur  is  of  no  value;  the  loss  will  generally  be  total  up  to  that 
]KUiit  any  way  ami  it  is  i>iily  when  the  insurance  is  carried  beyond 
that  ])oint  that  the  un<Ierwriter  can  afford  to  make  an  allowance. 
One-foiirth  of  one  jier  eent  is  made  for  each  one  per  cent  of  additional 
insurance  Inyrjud  twenty.  Ileni-e,  for  eighty  per  cent  coinsurance 
fifttvn  jHT  cent  allowanct*  is  made  where  the  stock  covers  on  one 
ilcHir,  t>r  where  it  covers  on  more  than  one  floor  and  the  floor  openings 
are  not  i>rotectiMl  in  any  other  maimer,  or  in  a  very  poor  manner. 
If  the  fl<K»r  oiH'iiings  have  protection  which  is  of  some  value,  then  a 
larger  allowance  for  coinsurance  is  made. 

On  HuUdhuj.  The  allowance  for  c*oinsurance  on  a  building  is 
hased  on  the  following  principle:  It  was  concluded  from  fairly 
rclialile  statistics  that  Hflwn  per  cent  of  the  value  of  the  building 
wouM  i-nvcr  the  daiuiiire  that  could  very  ejisily  be  done,  such  as 
ilaimip*  t«»  wimkI  trim,  wimlow  ami  (ltK»r  frames,  fl(K>r  boanis,  psiint 
ami  frc^rii  work.  j»latc  ^la'^>,  etc.;  all  i»f  these,  of  ccmrsc,  are  as 
tlc-truitiMc  in  a  lircppMif  as  in  a  iion-fircproof.  It  was  deeiderl 
that  it'  iii-uraiicc  mily  ti»  fifteen  ]ht  cent  of  the  value  was  carrieil 
tlnTc  wa^  no  hciicfit  to  the  underwriter  over  against  a  building 
of  m>n-liri"|»roof  con^triiction  because  the  parts  which  he  vvtnild  he 
in'^u^in^'  were  a--  easily  daniaircd  as  though  they  were  in  a  non- 
fircpriM'f  huihlin^.  At  tlu'  other  extreme,  t»f  course,  was  one  hundreil 
per  i'vwx  c»r  full  in>nramc. 

A  luiihliii;:  '-uj»]M>>cd  to  he  wt»rth  a  million  <lolIars  was  taken 
ami  an  c-tiniatc  made  a-^  to  the  rate  of  insurance  for  each  one  hun- 
dred th(»usaml  tli»llar'>  (-arricd.  The  assinned  rate  for  the  first  fifte*eii 
piT  cent  wa-^  1  ]M'r  cent  which  \vt)nld  have  yiehleil  a  premium 
for  one  hnmlrcd  an«l  fifty  thonsaml  dollars  of  insurance  of  fifteen 
lunulreil  d(»llar>.  N«»w  it  followcil  that  if,  after  the  easily  de.-tructihle 
parts  of  tlu*  huiMing  were  taken  care  of  by  insurame,  the  owner 
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TABLE  111 
Coinsurance  Data 
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Pereentace 
Insured 

Percentace  of 

Preceding  Rate 

Charged  for 

Neit  tlOO.OOO  of 

Insurance 

Amount 
Insured 

Rate 

Premium 

15% 

30% 
40% 
50% 
60% 
70% 
75% 
80% 
90% 
100% 

100% 
45% 
40% 
35% 
30% 
25% 
20% 
17.5% 
15% 
10% 
5% 

$   150,000 
200,000 
300,000 
400,000 
500,000 
600,000 
700,000 
750,000 
800,000 
900,000 
1,000,000 

100     cents 

86.3  " 
69 

57.8  " 
49.7     " 
43.5     " 
38.5     " 

36.4  " 
34.4     " 

30.9  " 
28 

$1,500 
1,725 
2,070 
2,312 
2,485 
2,610 
2,695 
2,732 
2,710 
2,785 
2,800 

chose  to  pass  on  and  make  provision  for  the  other  parts,  the 
additional  insurance  could  be  carried  at  a  much  lower  rate  than  the 
first  one  hundred  and  fifty  thousand  dollars.  If  two  hundred  thousand 
dollars  was  carried  the  additional  fifty  thousand  dollars  beyond  one 
hundred  and  fifty  thousand  could  be  taken  at  a  much  less  rate  than 
the  first  sum.  In  brief,  all  the  insurance  carried  beyond  the  first 
one  hundred  and  fifty  thousand  dollars  was  assumed  to  be  what  is 
termed  excess  insurance  which  would  not  be  called  upon  for  a  loss 
until  the  first  insurance  was  exhausted.  The  third  one  hundred 
thousand  dollars  it  was  assumed  could  be  safely  carried  at  a  forty 
per  cent  less  rate  than  the  first  two  hundred  thousand  dollars  and 
for  each  one  hundred  thousand  dollars  beyond  that  an  increasing 
allowance  of  five  per  cent  was  made  in  the  rate.  This  data  is  set  forth 
in  Table  III. 

For  different  rates  of  insurance  from  15  cents  up  to  $1  and 
coinsurance  from  20  to  100  per  cent,  consult  the  tabular  matter  on 
the  following  page. 

ILLUSTRATIVB  EXAMPLE 

As  an  illustration  of  the  method  of  rating  a  fireproof  building 
on  the  schedule  which  is  being  discussed,  the  following,  taken,  as 
was  the  non-fireproof  example,  from  an  actual  building,  is  worthy 
of  study: 
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RATE 

No.324of 

Schedule* 


PERCENTAGE  OF  INSURANCE  TO  VALUE 


20% 


15  cU. 
16 


it 


17 

«f 

18 

II 

19 

II 

20 

tt 

21 

II 

22 

II 

23 

n 

24 

li 

25 

II 

26 

«« 

27 

«4 

28 

it 

29 

It 

30 

<« 

35 

<< 

40 

41 

45 

14 

50 

44 

55 

44 

60 

44 

65 

4i 

70 

41 

75 

44 

80 

44 

85 

41 

90 

44 

95 

44 

100 

44 

cenU 


30^ 


/o 


|40% 


cenU 


12  95^10.35    8.67 

13  81!  11.04  9.24 
14.67111.731  9.82 
15.53' 12.42  10.40 
16.391 13. 11;  10.98 


cenU 


50% 


cenU 

6.52 
6.96 


7.831 
8.26 
8.70 
9.13 


cents 

7.45 
7.95 
8.44 
8.94 
9.44 
17.26.;  13.80;  11.561  9.94 
18.  I2S  14.49^  12. 13, 10.43 
18.98;  15.  la  12.71  10.93  9.57 
19.84^15.87,13.29  11.43  10.00 
20.711 16.56;  13.871 11.92|  10.44 

10.87 
11.31 
11.74 
12.18 
12.61 
13.05 
15.22 


eo% 


70% 


cents 
5.77 


6.16    5.82 
7.391   6.54    6.18 


75% 


cents 
5.46 


6.93    6.55 


13.91 
14.41 
14.91 
17.391 


22.36 


47.46j37.9g3i.79  27.33  23.92 


7.31 
7.70 
8.08 
8.47 
8.85 
9.24 
9.62 
10.01 


21.57,17.251.14.45  12.42 

22.43!,  17.94  15.02  12.92 

23.3Q  18.63!  15.601 13.41 

24. 1»  19.32  16.18 

25.0220.01  16.76 

25.89^20.70!  17.34 

30.20^  24. 15!  20.23 

34.52  27.60*23.12 

38.83  31.05,26.01 

43. 15^  34.50  28.90!  24.851 21.751 19.251 


6.91 
7.28 
7.64 
8.00 
8.37 
8.73 
9.10 
9.46 


80% 


90% 


19.88  17.40 


19.57 


10.39  9.82 
10.78  10.19 
11.16  10.55 
11.55  10.92 
13.47  12.74 

15.40  14.56 
17.32 


16.38, 
18.20 
21.17120.02 
23.10  21.84 
25.02  23.66 
26.95  25. 


cents  cents  cents 

5.16  4.63  4.20 

5.501  4.94  4.48 

5.84  5.25I  4.76 

6.19  5.56  5.04 

6.53  5.87  5.32 

6.88  6.181  5.60 
7.22 
7.56 

7.91  7.IO1  6.44 

8.25  7.41  6  72 

8.60  7.72  7.00 

8.94  8.03  7.28 

9.28  8.34  7.56 

9.63  8.65  7.84 

9.97  8.96|  8.12 

10.32  9.27i  8.40 


12.04 


100% 


6.48    5.88 
6.79    6.16 


10 


.Z/l      O.' 

.81    9. 
.36^11. 


80 
13.76112.36111.20 
15.48  13.90  12.60 
17.20  15.45:14.00 
18.92  16.99^15.40 
20.64  18.54  16.80 
22.36  20.061 18.20 
24.08  21.63  19.60 


28.86  27.3^25.80  23.17  21.00 


39.76  34.80  30.80  29.12  27.52 


51.78^41.40134.68^29.82^26.10 

56.09  44.85;  37.57  32.30  28.27 

60.41  48.30  40.46,34.79  30.45 

64.71  51.75  43.35(37.26132.61 

69.04 

73.35  58.651 49. 131 42.24  36.971 32.721 30.94] 29.24  26.26  23.80 

77.67  62.10  52.02  44.73  39.15  34.65  32.76^30.96  27. 81125.20 

81.9^65.55  54.91  47. 21141. 32! 36. 57  34. 58! 32. 68  29.35  26.60 

86.30  69  00  57.80  49.70  43.50  38.50  36.40  34  40  30  90  28.00 


24.72  22.40 


1 


♦For  Jiny  intermodiatc  rate  combine  two  of  above:  for  example,  the 
rate  of  31  cents  would  be  that  for  15  cents  and  16  added;  tne  rate  for  32  would 
be  dou!)le  that  for  1(5. 

For  example,  if  the  rate  be  SO  cents  and  the  percentage  of  insurance  carried 
(percentage  coinsurance  clause  in  the  policy)  is  50%  the  rate  will  be  50% 
of  SO  or  39.70  cents.  If  the  rate  at  No.  324  be  50  cents,  for  60%  coinsurance 
the  rate  would  be  44%  of  50  cents,  or  21.75  cents,  etc.,  etc. 

Building  Rate.    Key  Rate,    The  key  rate  charged  is  10  cents. 

Unprotected  Iron  IVork,  The  report  states  that  the  iron  interior 
columns  are  entirely  unprotected,  charge  10  cents. 

Area.  The  building  covers  ten  thousand  five  hundred  square 
feet.  Five  thousand  square  feet  are  permitted  without  charge  and 
for  each  thousand  in  excess  of  that  up  to  and  including  five  thousand 
a  charge  of  one-fourth  of  a  cent  is  made.  This  would  thus  make 
one  cent  for  four  thousand  and  one-fourth  of  a  cent  for  the  fifth 
thousand  or  one  cent  and  three  mills  under  item  293.  But  the 
building  exceeds  ten  thousand  square  feet,  ha\nng  five  thousand 
over,  so  there  would  be  a  charge  of  one  cent  under  item  294. 
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Height.  The  property  is  nine  stories  high  and  for  the  one  story 
over  eight  the  charge  is  one  cent. 

Merchandise  Above  the  Seventh  Floor.  Merchandise  is  stored 
on  each  floor,  hence,  under  297a  there  would  be  a  charge  of  ten 
cents  and  two  cents  for  the  eighth  floor  and  two  cents  for  the  ninth 
floor;  total  charge  of  fourteen  cents. 

Floors.  There  are  wooden  floor  boards  with  an  air  space  be- 
neath them;  hence,  the  maximum  charge  of  ten  cents  is  due.  The 
report  furnishes  the  information  that  the  floor  arches  are  of  terra 
cotta,  so  for  the  arch  itself  no  charge  will  be  made,  but  the 
arches  have  a  span  of  six  feet,  which  is  one  foot  in  excess  of  five, 
and  the  charge  will  be  one  cent. 

Floor  Openings.  Elevators  are  in  a  hallway  of  fireproof  con- 
struction but  the  doors  are  defective.  The  proper  charge  is 
three  cents  imder  item  299.  There  is  an  additional  elevator  from 
basement  to  first — open — and  the  charge  should  be  made  under  item 
300.  It  must  be  prorated;  as  it  only  pierces  one  floor  where  eight 
floors  might  be  pierced,  the  charge  is  one-eighth  of  six  cents  or  seven 
mills. 

Stairways.  The  main  flight  adjoins  the  elevator.  A  charge 
cannot  be  made,  but  there  is  an  additional  stairway — open — from 
basement  to  first,  and  for  this  a  charge  may  be  made  under  item 
304.  This  naturally  would  be,  according  to  the  reading  of  the  item, 
one-half  of  a  cent,  but  additional  stairways  are  subject  to  one-half 
charge.  Therefore,  in  place  of  the  charge  being  one-half  cent,  it  is 
one-half  of  the  sum  of  three  mills. 

Non-Fireproof  Treads.  The  importance  of  having  the  stone 
treads  supported  by  metal  beneath  is  something  which  w^as  only 
learned  by  experience  in  actual  fires.  The  slate  or  stone  yields 
readily  to  a  fire  if  it  is  not  backed  up  with  a  metal  member.  The 
result  is  that  with  the  elevators  out  of  conunission  and  the  stair- 
ways unreliable  so  that  the  firemen  may  not  use  them  there  is  no 
means  of  ascending  to  upper  floors  or  descending  from  them.  The 
schedule  provides  a  somewhat  heavy  charge  where  the  treads  under 
one  stairway  at  least,  if  there  be  more  than  one  stairway,  are  not 
properly  protected.  In  this  case  the  stairway  runs  from  the  base- 
ment to  the  roof  piercing  nine  floors  and  one  cent  is  charged  for  each 
floor  or  nine  cents. 
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This  charge  very  well  illustrates  the  elasticity  of  the  schedule, 
since  there  have  been  actual  cases  where,  while  this  defect  existed 
in  the  building,  excellent  fire  escapes  have  been  placed  on  the  outside 
of  the  property.  When  this  was  done  an  additional  allowance  was 
granted  under  this  item.  It  was  made  one-half  instead  of  the  full 
charge.  This  consideration  was  based  on  the  fact  that  the  fire  escape 
mitigated  to  a  certain  extent  the  defective  condition  of  the  stairway. 

Number  of  Tenants.  The  report  of  the  inspector  shows  that 
there  are  sixteen  tenants  in  the  building  exclusive  of  oflSce  tenants. 
One  such  tenant  is  permitted  without  charge;  hence,  there  are  fifteen 
to  be  charged  for  or  a  total  amount  of  three  cents  and  eight  mills. 

Number  of  Hands.  There  are  eighty-six  hands  employed  in 
various  kinds  of  work  in  the  building.  This  always  means  hands 
engaged  in  manufacturing  and  not  those  who  are  buying  and  selling 
or  merely  caring  for  the  property.  Twenty  are  permitted  without 
a  charge,  lea\'ing  sixty-six  to  be  charged  for.  It  is  one  cent  for  each 
twenty  in  excess  of  twenty;  hence,  a  three  cent  charge  for  sixty 
hands,  the  remaining  six  make  a  charge  of  three  mills,  as  the  charge 
is  one  mill  for  two  hands,  a  total  charge  of  three  cents  and  three 
mills.  This  completes  the  schedule  down  to  the  first  addition  and 
shows  a  total  of  .684,  which  amount  is  carried  forward  at  point  320. 

Occupancy  Charge.  The  charge  for  the  most  hazardous  occu- 
pancy which  is  now  to  be  made  under  item  320a  proves  to  be  a 
first-column  charge  of  twenty-five  cents  located  on  the  ninth  floor. 
One-fourth  of  this  charge  is  used  in  the  territory'  where  this  risk 
is  located  and  this  six  and  one-fourth  cents  is  subject  under  the 
schedule  to  an  increase  of  five  i^)er  cent  for  each  floor  above  the  sec- 
ond or  thirty-five  per  cent  in  all,  thus  making  the  full  charge  .085. 
The  next  total  will  be  .709.  Xo  allowances  were  in  order  at  the 
time  the  rate  was  c()nij)uted  and  the  exposure  charge  was  twenty- 
eight  cents  which  added  to  the  .769  makes  a  total  of  1.049. 

Coinsurance.  This  will  be  subject  to  reduction  for  coinsurance; 
eighty  per  cent  coinsurance  is  carried.  By  turning  to  *the  table 
printed  on  page  90  it  may  be  noticed  that  w^here  the  rate  of  insur- 
ance is  one  dollar  the  proper  amount  to  be  taken  under  eighty  per 
cent  coinsurance  is  34.4  per  cent,  and  by  taking  this  percentage  of 
the  rate  1 .049  it  gives  .361  as  the  rate  on  this  building  with  a  coin- 
surance allow^ance. 
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Final  Building  Rate.  A  recapitulation  of  the  building  rate  will 
present  the  matter  clearly  to  view. 

Key  rate 10 

Unprotected  iron  work Item  290 10 

Area "     293 013 

Area "     294 01 

Height "     295 01 

Merchandise  above  seventh  floor "     297a ...       .14 

Floors "     298 10 

Width  of  arch "     2986 ...       .01 

Elevators "     299 03 

Additional  elevators "     300 007 

Stairways "     304 003 

Lack  of  metal  under  treads "     305 09 

Number  of  tenants "     313 038 

Number  of  hands "     313o . . .       .033 

Total 084 

Hazard  charge Item  320a. . .       .085 

Second  total 769 

Add  exposure Item  323 ....       .28 

Third  total 1.049 

To  make  the  proper  reduction  for  eighty  per  cent  coinsurance 
proposed  on  the  building,  34.4  per  cent  of  1 .049  is  taken  which  amounts 
to  .361. 

Contents  Rate.  Exposure.  The  computation  of  the  exposure 
for  fireproof  building  does  not  differ  until  the  point  is  reached  where 
the  exposure  charge  is  added  together  at  the  bottom  of  the  heavy 
black  line.  Here  again  the  principle  of  a  stop  charge  is  necessary. 
The  statement  that,  if  the  property  is  over  five  stories  high  fifteen 
per  cent  must  be  added  for  each  stor}%  would  make  a  prohibitive 
charge  when  buildings  now  run  up  to  twenty,  thirty,  forty,  and 
fifty  stories  high.  This  charge  is,  therefore,  limited  to  five  stories  or 
seventy-five  per  cent  regardless  of  the  height  of  the  building. 

In  the  case  of  the  present  exposure  the  table  gives  a  total  amount 
of  .198.  Adding  the  seventy-five  per  cent  for  the  height  and  another 
total  is  reached  of  .317;  deducting  from  this  the  ten  per  cent  for 
working  margin  and  it  leaves  twenty-eight  cents  to  be  added  to  the 
building.  Under  normal  conditions  the  contents  of  a  fireproof 
building  are  not  subject  to  as  heavy  a  charge  as  the  building.  This 
is  due  to  the  fact  that  the  building  must  first  get  the  blow  of  the 
fire  and  may  resist  it  for  some  time  before  it  will  break  into  the  build- 
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ing  and  damage  the  stocks;  hence,  for  working  purposes  the  full 
charge  of  twenty-eight  cents  would  be  made  against  the  building, 
while  against  the  contents  one-fourth  of  this  sum  would  be  deducted, 
leaving  a  charge  of  twenty-one  cents  to  be  made  against  the  con- 
tents. It  has  also  been  learned  by  experience  that  the  upper  floors 
are  more  susceptible  to  damage  from  an  exposure  fire  than  the 
lower  floors.  Therefore,  if  there  were  a  tenant  occupying  the  base- 
ment and  first  a  full  exposure  charge  of  twenty-one  cents  against 
the  contents  would  not  be  made  against  the  tenant  on  the  lower 
floor  but  about  one-half  that  allowance  or  .105.  As  the  mills  are 
seldom  considered  in  exposure  charges  a  ten  cent  charge  would  be 
made. 

Occupanq/.  The  principal  tenant  in  this  building  occupied  all 
of  the  building  ^nth  the  exception  of  part  of  the  basement  and  first 
floor.  The  occupancy  of  the  basement  was  for  the  usual  house- 
keeping purposes,  as  it  may  be  termed,  the  power  and  electric  light 
plant.  In  addition  one  cylinder  press  and  a  series  of  vaults  for  the 
storage  of  electrotjT>e  plates.  The  first  was  retail  books;  the  second 
oflSces  and  retail  books;  third,  oflSces  and  chapel,  while  the  fourth 
and  fifth  were  oflSces,  the  seventh  and  eighth  oflSces  and  storage  of 
printed  sheets  and  the  ninth  a  bindery.  The  classification  fell  under 
a  twenty-fi\'e  cent  first  column  charge  and  seventy-five  cent  second. 
The  key  rate  for  the  contents  of  the  fireproof  building  is  the  sum 
reached  on  the  first  page  of  the  schedule  or  the  first  total  as  it  has 
been  termed  which  in  this  case  is  .684.  Three-fourths  of  the  sec- 
ond column  charge  is  then  taken  or  .563,  one-fourth  of  the  first 
column  charge  or  .063.  As  there  are  stocks  above  the  seventh  floor 
one  cent  is  added  for  each  floor  in  the  building;  a  total  of  nine  cents. 
The  final  charge  before  making  the  first  total  on  contents  is  for  the 
stock  above  the  fourth  floor  and  below  the  first  floor.  Stocks  situated 
in  the  basement  take  a  charge  of  five  cents.  No  charge  is  made  for 
height  until  the  fifth  floor  is  reached  when  the  charge  is  five  cents 
for  the  fifth  floor,  ten  cents  for  the  sixth  and  fifteen  cents  for  the 
seventh,  twenty  for  the  eighth  and  twenty-five  cents  for  the  ninth; 
a  total  charge  of  eighty  cents.  But  in  this  case  the  charge  of  eighty 
cents  is  not  made,  but  as  the  stock  is  spread  over  ten  different  floors, 
basement  to  ninth,  inclusive,  the  chance  of  a  loss  being  confined  to 
one  floor  is  fairly  good,  so  the  average  charge  is  made;  in  other  words, 
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0 

this  full  amount  is  divided  by  the  number  of  floors  over  which  the 
stock  is  spread.  It  is  ten  floors,  therefore,  the  charge  is  eight  cents. 
The  total  at  this  point  $1.48.  No  allowances  are  due  at  this  time 
and  the  exposure  charge  may  be  added  direct  to  this  amoimt. 
It  was  decided  to  be  twenty-one  cents  on  the  contents,  hence,  the 
second  contents  total  is  $1.69.  The  deduction  for  coinsurance  is 
fifteen  per  cent,  as  the  openings  to  the  stairways  and  elevators  do 
not  warrant  any  larger  allowance.  Fifteen  per  cent  is  .253  which, 
deducted  from  $1.69,  leaves  a  rate  of  1.437.  Concerning  the  allow- 
ance for  coinsurance  on  the  contents  it  will  be  appreciated  that  the 
more  perfectly  the  floors  in  the  fireproof  building  are  separated,  the 
one  from  the  other,  the  greater  chance  there  is  of  confining  the  loss 
to  any  one  floor  when  a  fire  starts.  Hence,  a  graded  allowance, 
based  on  the  number  of  floors  covered  and  the  character  of  the  cut- 
offs and  floor  openings  is  provided  for.  This  graded  allowance  is 
as  follows: 

In  order  to  entitle  a  stock  to  the  deductions  above  15  per 
cent  for  coinsurance  for  floors  cut  off  at  each  story,  the  enclosure 
must  be  of  fireproof  material  and  have  self-closing  doors.  If  with 
heavy  wood  doors  and  heavy  glass  sashes,  increase  the  15  per  cent 
allowance  one-third  of  the  difference  between  15  per  cent  and  the 
maximum  credit  for  standard  cut-offs  to  which  stock  might  be 
entitled  according  to  the  number  of  floors  upon  which  it  is  located* 
If  the  doors  be  metal-covered  or  kalameined,  but  are  not  thoroughly 
standard,  or  have  wood  sills,  or  do  not  fit  openings  closely,  increase 
the  15  per  cent  allowance  two-thirds  of  the  difference. 

Following  deductions  to  be  made  for  80%  coinsurance  clause. 

0 

Stock  Diatributed  over  Wood  doors  Non-SUndaxd  fire  doon  Standard  doon 

2  floors  16|%  18J%  20% 

3  "  18J%  211%  26% 

4  "     or  more  20%  25%  30% 

Final  Contents  Rate.    A  recapitulation  of  the  contents  rate  reads : 

Key  rate 684 

Three-quarter  second  column  charge 563 

One-quarter  first  column  charge 063 

Height  charge 09 

Distribution  over  floor  charge .08 

Total  carried  forward 1.48 
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Amount  brought  forward 1.48 

Add  exposure  chmrge .21 

Total 1.69 

Deduct  coinsurance  fifteen  per  cent 253 


1.437 


In  connection  with  the  charges  taken  for  occupancy  both  the 
charge  for  ignibility  and  combustibility  are  the  first  and  second 
column  charges  as  they  are  commonly  termed.  It  may  not  have 
been  made  clear  as  to  why  a  fractional  part  of  these  charges  are 
taken.  In  the  list  of  occupancy  charges  as  furnished  in  the  schedule, 
these  charges  are  given  for  the  gross  amount  and  the  percentage  of 
these  charges  b  taken,  where  the  whole  is  not  used,  for  a  given 
locality,  when  the  schedule  is  adapted  to  meet  the  conditions  of 
that  locality.  In  the  example  used  the  fractional  parts  taken  for 
the  place  have  been  given,  it  being  deemed  better  to  furnish  a 
real  live  example  than  one  based  on  theoretical  conditions. 

GRADED  OCCUPANCY  CHARGES 

In  an  earlier  part  of  the  work  reference  was  made  to  the  base 
schedule  frequently  being  a  small  schedule  of  itself  and  an  illustration 
was  jjiven  of  the  manner  in  which  a  base  rate  of  a  printer  on  the  old 
tyiK*  of  manufacturing  schedule  was  made  up.  It  is  not  possible, 
in  many  cases,  to  use  for  a  base  rate  or  for  schedule  charges  one  set 
of  charges.  It  is  necessary  to  go  beyond  in  the  case  of  many  risks 
and  compute  the  base  or  occupancy  charge  for  the  individual  risk. 
To  charge  an  amount  which  would  be  suflScient  to  cover  the  large 
risk  would  be  an  imposition  upon  the  smaller  risk.  In  the  case  of 
stocks  as  boots  and  shoes,  hardware,  dry  goods,  etc.,  the  size  of  the 
stock  has  nothing  to  do  with  the  susceptibility  to  damage.  Passing 
beyond  the  mercantile  di\4sion,  however,  and  coming  to  department 
stores,  wholesale  grocers,  printers,  machine  shops,  and  risks  of  that 
character  where  there  may  be  several  hazards  assembled  under  one 
roof,  or  where  there  may  be  an  increasing  hazard  with  the  increasing 
of  a  number  of  machines,  it  is  necessary  to  treat  the  base  rate  specif- 
ically and  to  treat  the  occupancy  charges  in  a  graded  manner. 

The  universal  schedule  makes  divisions  for  graded  charges, 
illustrations  of  which  are  as  follows: 
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Wholesale  Qrocera 

Add  for  Add  for 

Build'g  ContenU 
^^           .                                                                                                                      Rate         Rate 
Class    A.                                                                                                           Cents        CenU 

Without  manufacturing  or  any  of  the  additional  hazards 

specified  below 40 

Class  B. 

If  bottling  wines,  liquors,  olive  oil,  bluing,  or  other 
preparations,  with  packing 10  40 

Class  C. 

If  mixing  and  packing  flour,  starch,  baking  powder,  cereals, 

or  similar  substances; 
Or  if  printing 16  45 

Class  D. 

If  manufacturing  flavoring  extracts,  essences  or  drugs; 

Or  if  rectifying  by  cold  process  only; 

Or  if  molasses  rcboiling  or  maple  syrup  mixing; 

Or  if  coffee  milling,  polishing,  separating,  mixing  and  grind- 
ing, with  power; 

Or  if  fruit  cleaning  with  power  or  dry  room,  or  bleaching 
with  sulphur 30  60 

Class  E. 

Or  if  coffee  roasting,  using  only  gas  fuel  standard  equip- 
ment, fireproof  floors,  metal  cooking  pans,  metal 
troughs,  metal  conveyors  and  metal  hoods  over  roasters; 

Or  if  spice  grinding  with  modem  iron  frame  mills 40  60 

Class  F. 

If  coffee  roasting,  standard  equipment,  using  other  than 
gas  fuel 50  70 

Class  G. 

If  spice  grinding  with  wood  frame  mills 75  75 

Class  H. 

If    coffee   roasting,  old  style  equipment,   wood  floors, 

wood  cooling  troughs,  or  wood  conveyors 1.25        1.10 

Charges  are  not  cumulative.    The  higher  rate  in  each  case 

includes  the  less. 

Coffee  Preparing  Establishments 

Class  A. 

Coffee  milling,  polishing,  separating,  mixing,  grinding, 
etc.,  with  power 30  60 

Class  B. 

Coffee  roasting,  using  only  gas  fuel,  standard  equipment, 

fireproof    floors,    metal  cooling  pans,  metal  troughs, 

metal  conveyors,  and  metal  hoods  over  roasters 50  76 
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Add  for  Add  for 

Build's  Contenta 
r^         r^                                                                                                                     Rate  Rate 

ClaaS  O.  Centa        CenU 

Coffee  roasting,  standard  equipment,  using  other  than  gas 
fuel ....  *. 75  85 

Class  D. 

Coffee  roasting,  gas  fuel,  standard  equipment  except  floors 
built  of  wood  well  covered  with  brick  or  cement 75  85 

dassE. 

Coffee  roasting  other  than  gas  fuel,  non-standard  equip- 
ment, non-fireproof  floors,  etc.,  not  less  than 1.50        1^ 

Oopartmeat  Stores 

Class  A. 

All  or  any  of  the  following: 

Dry  goods,  Carpets,  Rugs,  Boots  and  Shoes,  Dressmaking, 
Toilet  Goods,  Upholstery  Stock  (materials  only),  Mil- 
linery, Clothing,  Livery,  Cloaks  and  Mantillas,  Hats 
and  Caps,  Photographic  Supplies,  Fancy  Goods,  Books 
and  Stationery,  Silverware,  Jewelry,  Bags  and  Pocket- 
books,  Chinese  and  Japanese  Goods,  Restaurant  (cook- 
ing safely  arranged) 20  55 

Class  B. 

If,  also,  any  or  all  of  the  following: 

Bronzes,  Glassware,  Crockery,  Lamps  (all  packing  ma- 
terial in  bins;  if  not  in  bins  charge  under  faults  of  man- 
agement No.  143,  15  cents),  Upholstery  (curtain  mak- 
ing only),  Bric-a-brac  and  Curios,  Trunks  (no  repairing). 
Toys,  Sporting  Goods,  Fishing  Tackle,  Guns,  Bicycles, 
Sewing  Machines,  Harness  and  Horse  Supplies,  Pho- 
tographing, Wines,  Liquors  and  Cigars,  Canned  Goods, 
House-furnishing  Goods,  Kitchen  Goods,  Carriages, 
Pictures  and  Frames  (no  work) 25  60 

(This  rate  covers,  also,  Class  A,  the  higher  rate  including 
the  less.) 

Class  C. 

If,  also,  any  or  all  of  the  following: 

If  repairing  trunks,  or  picture  framing 35  60 

Furniture,  Mattresses,  Wood  and  Willow  Ware 40  70 

If  repairing,  varnishing  or  upholstering  furniture,  mattresj 

making  other  than  hair 50  70 

If  hand  picker,  not  in  fireproof  room  add  25  cents  to  first 

column. 
(These  rates  cover  also  Classes  A  and  B,  the  higher  rate 

including  the  less.) 
Packing  and  unpacking  not  cut  off  add  10  cents  to  first 

column.' 
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Add  for  Add  for 

Build'g  Contents 

Rate  Rate 

Cents  Cents 

In  packing  room  cut  off  and  sprinklered,  deduct  10%  from 

first  column  charge — ^unless  deduction  has  been  allowed 

for  Automatic  Sprinklers. 
Power.    Steam  or  electric  for  running  shafting,  increase 

first  column  charge  of  class  10  cents. 
Organization  of  employes  for  extinction,  fire  drill,  etc., 

deduct  .02  from  both  columns. 

In  several  other  cases  the  occupancy  charges  proceed  by  far 
less  minute  gradings  than  noted  in  the  three  examples  given.  Print- 
ing is  taken  care  of  in  some  seven  different  classes,  the  last  class 
with  a  first  column  charge  of  forty  cents  and  a  second  column  charge 
of  sixty  cents  is  for  a  printer  using  steam  or  electric  power  and  hav- 
ing one  large  or  three  small  presses.  Should  he  have  more  presses 
five  cents  is  added  for  each  large  press  or  three  small,  but  the  charges 
must  never  exceed  seventy-five  cents  for  the  first  column  and  one 
dollar  and  twenty-five  cents  for  the  second  column  charge. 

SPRINKLERS 

The  sprinkler  device  is  recognized  as  the  most  eflBcient  factor 
in  the  fighting  of  fire.  Like  most  other  things  which  enter  into  the 
fire  prevention  and  fire  insurance  problem  it  has  required  years  to 
educate  the  insured  and  insurer  to  the  proper  appreciation  of  this 
valuable  device. 

Early  Schedules.  On  September  29,  1884,  the  first  building 
fully  equipped  with  sprinklers  in  accordance  with  the  rules  adopted 
in  New  York  City  was  approved.  The  method  of  installation  and 
rules  in  force  today  have  been  duly  set  forth  in  other  parts  of  this 
series  of  books,  but  there  remains  for  consideration  the  special  matter 
of  the  allowance  made  in  the  insurance  rate  for  sprinklers. 

In  the  beginning  the  allowance  was  rather  small,  seven  and  one- 
half  per  cent  and  under  a  slightly  different  condition  ten  per  cent. 
The  growth  of  the  sprinkler  equipments  was  very  slow.  In  the  first 
two  or  three  years  after  1884  probably  not  fifteen  buildings  were 
equipped  in  the  larger  cities.  From  that  time  on  the  growth  has  been 
quite  rapid.  After  a  while  the  allowance  was  advanced  to  twenty 
per  cent  and  continued  at  that  point  until  1896  when  experience  led 
to  the  drafting  of  new  rules,  the  adoption  of  new  standards  and  an 
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inducement  made  to  secure  two  sources  of  water  supply  for  the 
equipment.  When  the  equipments  were  instaUed  under  the  new 
rules  in  1896,  with  two  sources  of  supply,  an  allowance  of  thirty 
per  cent  was  made  in  the  rate  of  insurance.  It  was  thus  possible 
for  the  property  to  receive  an  allowance  of  twenty  or  thirty  per 
cent  depending  wholly  upon  the  standard  of  equipment  put  into 
the  building. 

Higher  Sprinkler  Schedule.  In  1905,  there  was  adopted  a 
schedule  for  more  completely  measuring  sprinkler  equipments.  It 
amounts  to  nothing  more  or  less  than  a  specific  schedule  buOt  on 
the  usual  schedule  lines,  a  series  of  items  for  measuring  the  effi- 
dency  of  a  sprinkler  system  in  any  building.  With  the  adoption  ot 
this  schedule  another  advanced  step  was  taken  in  regard  to  allow- 
ances and  it  is  possible  under  the  schedule  to  obtain  an  allowance 
of  fifty  per  cent  in  the  rate  of  insurance.  The  schedule  makes  pro- 
vision for  allowances  running  from  fifty  per  cent  down  to  one  per 
cent,  but  it  is  considered  that  an  equipment  with  less  than  ten  per 
cent  allowance  is  not  of  any  value  and  no  allowance  is  granted 
therefor.  It  cannot  be  emphasized  too  strongly,  of  course,  that  a 
cup  of  cold  water  at  the  proper  time  would  put  out  any  fire  that 
starts.  The  sprinkler  device  is  the  nearest  approach  that  man 
has  attained  to  having  the  cup  of  cold  water  ready  to  throw  on 
the  fire  when  the  fire  starts.  Inasmuch  as  the  fire  opens  the  sprin- 
kler head  and  starts  the  water,  it  mav  be  said  to  commit  suicide  by 
pouring  the  water  on  itself. 

Although  the  equipment  may  be  one  ha\-ing  a  very  low  grade 
it  may  serve  to  catch  many  a  fire  in  its  incipient  stage  and  the  records 
of  these  minor  equipments  has  been  very  favorable.  At  the  same 
time,  the  low  grade  equipments  have  a  very  small  degree  of  efficiency 
compared  with  those  receiving  a  higher  grade.  It  is  a  fairly  accepted 
principle  now  that  an  equipment  with  a  grading  of  sixty  per  cent 
for  which  an  allowance  is  made  in  the  rate  of  insurance  of  thirty 
per  cent  is  a  ty'pe  of  equipment  which  will  hold  the  fire  in  control. 
Below  that  point  good  practice  would  deem  that  the  equipment  was 
sub-standard,  and  above  that  point  experience  teaches  that  the 
efficiencv  is  marvelouslv  increased. 

Care  of  Sprinklers.  The  sprinkler  equipment  in  its  care  requires 
constant  vigilance  and  a  number  of  devices  have  been  put  upon  the 
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market  to  keep  an  absolute  check  at  all  times  upon  the  sprinkler 
system.  Severe  losses  have  occurred  where  the  water  has  been  shut 
off  or  the  equipment  in  some  manner  tampered  with,  the  fact  not 
being  discovered  until  the  fire  breaks  out  and  the  equipment  is  out 
of  commission.  The  most  recent  device  for  overcoming  this  lack 
of  knowledge  concerning  a  sprinkler  equipment  at  all  times  is  what 
b  known  as  a  central  station  supervisory  system.  The  system  is 
extremely  sensitive  to  any  changes  in  the  sprinkler  service  and 
promptly  registers  at  a  central  oflBce  any  flowing  of  the  water  in  the 
pipes  or  any  tampering  with  the  valves  or  any  disturbance  in  the 
system  whatever.  The  value  of  supervision  is  recognized  by  an 
increased  allowance  for  the  sprinkler  service  and  beyond  the  fifty 
per  cent  which  may  be  reached  by  the  grading  schedule  an  additional 
twenty  per  cent  in  some  parts  of  the  country  is  granted  for  the 
supervisory  service,  thus  making  an  allowance  of  sixty  per  cent  in  all. 

Sprinkler  equipments  have  up  to  date  been  practically  con- 
fined to  those  properties  which  owing  to  the  amount  of  insurance 
were  able  to  show  that  within  three  or  five  years  the  saving  in  insur- 
ance would  be  suflScient  to  pay  for  the  sprinkler  system.  There 
have  been,  of  course,  many  cases  where  the  system  has  been  installed 
by  the  owner  for  the  express  purpose  of  preventing  a  fire  and  the 
financial  consideration  was  of  secondary  moment.  That  is  not  so, 
however,  in  the  great  majority  of  cases.  In  fact,  in  the  present  state 
of  the  public  opinion  concerning  fire  prevention  nearly  every  fire 
prevention  device  is  expected  to  return,  in  reduced  rates  of  insur- 
ance, its  cost  in  a  few  years.  In  the  continental  countries  where 
rates  are  so  much  lower  than  they  are  in  the  United  States  and 
Canada,  normally  not  more  than  five  per  cent  return  on  the  cost  of 
the  sprinkler  equipment  can  be  made  by  the  changes  in  the  rate  of 
insurance.  In  other  words,  the  rates  there  are  so  low  already  that 
there  is  not  much  margin  to  work  on. 

Qrading  Schedule.  The  grading  schedule  for  measuring  the 
sprinkler  efficiency  b  as  follows: 

SCHEDULB  FOR  GRADING  SPRINKLER  PROTECTION 

Name  of  Risk Survey  No Map  No. 

Street  Location Date 
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WATER  PKKSSnXB 
NOTE.  Oravitjr  tanks  widi  bottomt  !«■  dian  8  foct 
■bove  UchMl  Una  of  tpriaklan,  or  paUlc  watw-woiki  ■7*> 
tuu  civiiic  low  Bun  tS  lbs.  on  tu^ett  lino  of  aprinklen,  or 
pomp  withont  conatant  power,  or  with  either  power  plant  or 
pomp  diaadvantagoonal;  located  are  not  reeo^iied  anppltea. 

(1)  Deficient  primary  preamire  from  gravitv  tank  nvina 
MaaIhan25lbe.BChi^eBt  line  of  aprinklerB.  but  with  tank 
bottom  not  leas  than  20  feet  above  higheat  line  of  aprin- 
klen      10% 

(2)  Deficient  primary  praaure  from  gravity  tank  dvina 
leae  than  25  Iba.  at  hipiest  line  of  aprinklen,  and  with  tank 
bottom  lesB  than  20  feet,  but  12  feet  or  more  above  highest 

line  of  sprinklers 20% 

(3)  Ddicient  primary  preaaure  from  eravity  tank  ^ving 
]eaathBn25lb«,  at  hiineat  Uneofaprinklers,  and  with  tank 
bollom  l€ss  than  12  feet  but  S  (eel  or  more  above  highest 

line  of  aprinklera 30% 

(4)  Deficient  primary  pressure  from  public  water  woriu 
system  giving  leas  than  25  Ibe.,  but  moro  than  15  Iba.  on 
higheat  line  of  aprinkleia.  (See  Sprinkler  Rules,  Section 

"i,"  Note  to  Rule  1.) 20% 

(5)  Secondary  supply  deficient  preaaure  from  gravity 
tank,  with  bottom  lesa  than  20  feet,  but  12  feet  or  mote 
above  highest  line  of  sprinklers. 5% 

(6)  Secondary  auppiy  deficient  pressure  from  gravity, 
tank  with  bottom  less  than  12  feet,  but  8  feet  or  more 
above  highest  line  of  sprinklers. 15% 

(7)  Secondary  supply  deficient  pressure  from  public  water- 
worka  system,  dving  leaa  than  25  Iba.,  but  more  than  15 
Iba.  on  highMt  line  of  sprinklera.  (See  Sprinkler  Rules, 
Section  "J,"  Note  to  Rule  1.) 10% 

(8)  High  primary  pressure  dependent  upon  an  automatic 
pump 10% 

CAPACITY  OF  WATER  SUPPLIES 

(9)  Each  wiitrr  supply  JcRrienl  in  available  rapacity 
mori'  than  50'f  shall  not  be  rcpogniied  as  a  supply, 

A — Defiricnt  "2l)'~c  to    fo  (inc.)of  requirements,  deduct.  5% 

»—       ■■       30' J,  to  21%     ■■                   ■■                   "  10% 

C—       '■        40%  to  31%     "                   '•                   "  15% 

I)—        "         50'oto41':i      "                     "                     "  20% 

(10)  No  recognizci!  secondary  water  supply 30% 

EQUIPMENT 

Old  or  imperfect  devices.  Sprinklers  or  Dry  Valves 
containing  defects  and  yet  judged  of  some  value  and  in- 
stalled at  some  past  time,  under  the  then  existing  rules,  are 
not  approved  for  full  credit  and  not  over  lOCii  deduction 
from  uQsprinklered  rate  shall  be  allowed  for  systems  in 
which  tbey  are  employed. 

NOTE.  A  check  valve  maintained  under  air  pressure 
to  constitute  a  dry  system  is  not  an  approved  diy  valve. 
Premises  not  Completely  Protected  by  Distribution  of 
Water  from  Sprinklers,  due  to 

(11)  Roof  fonslruct  ion  compri.-iinR  an  unsprinklered  blind 
attic  or  conrculed  spocea.  without  open  communication 

from  story  beneath  , 10% 

(12)  rnsprinklcrpii  small  (■nclosurps. ,    10% 

(13)  Other  minor  unspnnklered  portions 10% 
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Ho  chtTKO  for  abaence  of  spriaklen  at  dynamos  and 
swltchbotrda  when  in  fireproof  rooms  not  containing  other 
combustible  material. 

(14)  A  Bmall  number  of  spriaklere  with  water  supply  abut 
oft  during  cold  weatber 5% 

(16)  Wat«r  distribution  obstructed  by  shelves,  tables, 
benches,  partitions,  etc 10% 

(le)  ObHtmction  by  piles  of  combustible  stock  or  other- 
contents  10% 

(17)  Clear  space  of  2  feet  tielow  ceiling  or  bottom  of  joists 

not  maintained  ttuoughout  all  sprinklered  areas 10% 

Omit  15,  le,  and  17,  if  charged  under  OCCUPANCY 

(18)  Over  25%  of  sprinklers  on  dry  system 20% 

(19)  Over  20%  of  the  number  of  sprinklers  in  any  one 
"area"  of  "extra  high  teat  solder" 20% 

(20)  No  approved  alarm  valve  service 20% 

For  absence  of  approved  alarm  Talve  service,  where 

anroved  watchman  service  exists,  charge  10%. 

(21)  Other  (minor)  deviations  from  equipment  rules 10% 

Pipe  sizes  and  spadn  g  according  to  Hew  York  Board 

Standards  existing  prior  to  April  15, 1890,  to  be  charged  for 
under  this  item. 

VERTICAL  OPENINGS 

(22)  Unstopped  openings  between  floors  without  approved 
curtain  boards 15% 

(23)  do.         with  approval  curtain  boards 5% 

UAINTENANCE 

(24)  No  approved  sprinklerequipmcnt  inspection  system,..     30% 

(25)  Minor  corrosion,  rust, or  mechanical  injury  to  sprinkler 
system  apparatus 10% 

(26)  Minor  defects  from  lack  of  maintenance,  other  than 
noted  under  No.  25 10% 

OCCUPANCY  OR  CONSTRUCTION  NOT  CONDUCIVE  TO 
POSITIVE  CONTROL  OF  FIRE  BY  SPRINKLERS 

(27)  Large  area  and  unusual  height  of  room,  with  occu- 
pancies likely  to  cause  the  operation  of  over  SO  sprinklers 

m  one  fire,  such  as  theaters  and  halls 20% 

(28)  Contents  preventing  full  sprinkler  distribution,  as 
stored  cars,  except  when  buildings  are  eciuipped  with  car- 
iine"  sprinklers,  barrels,  coffins,  large  hollow  piles  of  com- 
bustible stock,  such  as  furniture 20% 

(29)  Unusual  draught  conditions,  as  from  targe  blower  sys- 
tems, or  buildings  having  open  sides 20% 

(30)  Sugar  refineries 26% 

(31)  Apprehensive  flssh  fire  hsiards,  as  with  grain  elevators, 
oatmeal,  cereal,  flour,  and  Krist  mills,  starch  manufactur- 
ing, carbon  or  cork  grinding,  coal  pulverising,  certain 
wood-working  processes,  stor^  hemp,  jute  or  sisal 30% 

(32)  Oecupaocy  allowing  quick  hot  fires,  not  readily  extin- 
guished with  water  as  in  varnish  works,  oil,  and  lard  re- 
fineries, and  properties  containing  large  quantities  of 
grease  and  fats 40% 

(33)  Apprehensive  explosion  hasards,  due  to  presence  of  gun- 
powder, dynamite,  various  chemicals  and  compounds, 
etc.,  or 

(34)  Vspors  from  dangerous  quantities  of  naphtha,  alcohol, 

(35)  Manufacture  of  pyroxiline  products,  such  as  celluloid, 

or  storage  or  use  of  same  in  quantity 50% 
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Operation.  The  operation  of  the  schedule  is  simple.  It  assumes 
an  equipment  of  the  highest  grade  of  one  hundred  per  cent  and  then 
if  the  first  item  should  apply  as  a  deficiency,  namely,  item  No.  1, 
ten  per  cent  should  be  deducted  from  this,  leaving  ninety  per  cent. 
The  next  item  of  deficiency,  for  instance,  No.  6,  if  it  applied  would 
affect  a  reduction  of  fifteen  per  cent  in  the  ninety  per  cent,  and  so  on 
until  the  final  result  is  reached. 

Restricted  Sprinkler  Schedule.  Until  1905,  the  only  effect 
in  the  rate  of  insurance  by  sprinkler  installation  (and  it  will  be 
appreciated  that  effect  may  be  a  verj'  large  one,  since  it  means  a 
reduction  if  the  equipment  is  standard  of  fifty  per  cent,  and  with 
the  super\'isory  system  a  possible  sixty  per  cent),  had  proceeded 
along  the  lines  followed  when  the  allowance  was  first  made  for 
the  device,  that  is,  it  had  only  affected  the  rate  by  making  a  per- 
centage reduction. 

Experience  with  several  thousand  equipments  which  had  been 
installed,  proved  that  if  properties  of  certain  occupancy,  certain 
construction,  and  freedom  from  exposure  were  equipped  with  sprin- 
klers of  a  high  grade  of  eflSciency  that  the  chances  of  controlling  a 
fire  in  that  property  were  so  excellent  as  to  lead  to  consideration 
being  given  to  the  question  as  to  whether  a  different  method  of 
treating  sprinkler  risks  might  not  be  adopted.  In  short,  it  is  now 
con^i(ie^e(^  an  axk)m  in  the  handling  of  sprinkler  properties  that 
height  and  area  are  not  of  much  moment  if  the  equipment  be  of  a 
reasonable  ^rade  of  efficiency.  This  led  to  the  formulation  of  a 
s])eeial  schedule  known  as  the  restricted  sprinkler  schedule  for  use 
in  the  rating  of  sprinkler  pro])erties  under  the  conditions  laid  down 
in  the  schedule.  The  schedule  must  be  allowed  to  speak  for  itself 
and  it  does  so  in  the  following  language: 

RESTRICTED  SPRINKLER  SCHEDULE 
Restricted  In  AppHcation  to  Risks  Complylnc^  with  Limitations 


A    COST  OF  INSPECTIONS  AND  OTHER  RUNNIN 
EXPENSES. 


G 


(1)  If  Total  Fire  Insurance  maintained  is  less 

than  $100,000 12 

(2)  If  Total  Fire  Insurance  niaintaincMi  is  less 

than  $2(K).(KK) 10 

(3)  If  Total  lire  Insurance  maintaine<l  is  less 

than  S')(K),000 075 

(4)  If  Total  Fire  Insurance  maintained  equals 

or  exceeds  $500,000 05 


-^2. 


c£ 


&  c 

jz  a 


Building    Contenta 


1 

2 
3 
4 
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(6)  Grade  of  Occupancy,  vii:X,  Y  QrZis. . 
Chahge  roB  SUCH   Gbade  and  Oc- 

CTTFAMCT  AB  FEB  FOLLOWINO  TABLE, 
lABQE     10%   IF 
FLOOBB     ARF 
MOT  PROPEBLV  ENCLOSED. 


m 

Building 

BurniDf 

"li 

Y      Z 

X 

y 

Z 

X 

Y      Z 

100 

17  X- 

ir 

3( 

0! 

,1;  .27- 

i: 

.2a.3f 

1? 

.3; 

90 

I- 

.22^,44 
-28,50 
.2S.55 

1:- 

v.  .11 

.!(  .36 

85 

17 

1.' 

,4;  .u 

,21  ,40 

If 

.it 

70 

.33!,  (M 

IJ  ,3( 

« 

.171 -27, 54 
19;.3d.58 

23:.  30. 72 

<u 

151 

60 

■jr>  :i:i   77 

■SA  :i';.7 

2r.d.63 

1«) 

[FCONDITI 

N8  ARE  8U 

BB 

OR 

COB 

THE 

Clasbin  "X"  AND  "Y"  Grade  of 
Occupancy,  t 

PXR  CENT, 

Fob  Standard  Sprinkler  Super- 
viaoBT    Sebvice    reduce     the 

above  CHABOES  25  FEB  CENT. 

If  conditions  are  below  average 
FOB  THE  Class  of  Occupancy, 

CBAROE  NOT  exceeding  THE  FOL- 
LOWINO: 

In  conatruction 

Id  internal  management  and  conditions 
In  safeguarding  of  special  hazards  in  X 

grade  of  occupancy 

In  saf^uarding  of  special  haiards  in  Y 

grade  of  occupancy 

In  safeguarding  of  special  hacards  in  Z 

grade  of  occupancy 

Cbabob  to  building  foe  Inher- 
ent FiBE  Cost  the  followino 


CBABOGS  UNDEB  ITEMS  7  TO  22  IN- 
CLUSIVE (nClLDlNGS  OF  FIBE- 
FBOOF,  BEUI -FIBE PROOF  AND  SLOW- 

BUBNiNo  CONSTRUCTION  to  take 
the  "X"  orade): 

(23)  "Ordinary"  vii:  wood  joist  floors  and 

roofs  and/or  wood  walla 65% 

(24)  "Slow-buming"  vii:  plank  and  timber 

floors 55% 

(26)  "Semi-Fireproof"  vi«:  structural  metal 
membera  not  insulated  with  ap- 
proved tile  or  concrete 45% 

(26)  "Fireproof"  vii:  structural  mctnl  mem- 
bers correctly  insulated  with  ap- 
proved tile  or  concrete 30% 
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C  COST  OF  EXPOSURE 

(27)  For  exposure  applv  Elxchange  Exposure 
Table,  modified  as  below,  and  add 
the  charges  to  both  building  and  con- 
tents rates. 

MODinCATIONS  IN  EXCHANQK  EX- 
POSURE Table  for  appucation  to 

RISKS  RATED  ON  RESTRICTED  SPRINK- 
LER Schedule. 

No  consideration  shall  be  given  to  non- 
standard window  protection. 

In  all  cases  the  unsprinklered  rate  of 
risk  to  be  rated  shall  be  taken  as  the 
base. 

Buildings  having  automatic  sprinkler 
equipments  grading  60  per  cent  or 
over,  or  churches,  dwellings,  stores 
and  dwellings,  school  houses,  apart- 
ment houses  and  hotels,  if  of  fire- 
groof  construction,  or  not  exceeding 
ve  stories  in  height ,  shall  not  be  con- 
sidered as  forming  exposures. 

No  charge  shall  be  made  for  frame  ex- 
posure unless  exposure  is  in  excess  of 
1,000  square  feet  per  floor,  and/or 
over  two  stories  in  height. 

No  charge  shall  be  made  for  height  of 
risk  to  be  rated. 

The  charge  to  stock  to  be  from  10  to  30 
per  cent  greater,  according  to  sus- 
ceptibilitv,  than  to  building. 

The  final  charge  produced  by  applica- 
tion of  exposure  table  shall  oe  re- 
duced by  the  percentage  allowance 
for  automatic  sprinkler  equipment. 
n    COST    OF    TWFJtf    AND     COMMIS- 

SIONS. 
(-28)   Inrn»a.se  the  buildinfi;  and  contents  rate 
by per  cent  according  to  dis- 
trict in  which  ri.sk  is  located. 

Total  or  Final  Rate 


Building 


Contenta 


27 


28 


OCCrP.VNXY  OR.vniNG  T.\BLES  "X",  "Y",  "Z»\  GIVING  GRADES 
OF  OCCrPANCY  TO  HE  USED  IN  CONNECTION  WITH  SCHED- 
ULE FOR  RATING  SPRINKLERED  RISKS  (RESTRICTED) 

NoTK. — These  three  groups  are  relative  in  respect  to  fire  cost  as  influenced 
by  frequency  or  siiscentibility,  **X"  having  the  lowest  cost,  "Z"  the  highest. 
The  occupancies  listed  in  each  group  need  not  always  be  so  classified.  They, 
however,  show  the  judgeti  correct  placing  of  the  average  risk.  Indi\idual  cases 
with  neculiar  features  will  be  met  and  must  be  graded  "X'\  *'Y",  or  "Z", 
according  to  the  best  judgment  of  the  l^nderwriter. 


It 


X" 


Bakeries  (superior) 

Bleach,  dye,  and  print  works 

CIothlnK.  slilrt  and  collar  manufacturing 
(excluding  oil  clothing  and  rubl>er  gar- 
ments) 

Cop  yam  knitting 

Cotton  mills 

(^otton  warehouses  (superior) 

Lt»ather  glove  manufacturing 

Manufacturing  from  silk 

Metal  working  (superior) 


Paper  manufacturing 

Piano  assembling  and  finishing  (saperior) 

Rubber  manufacturing 

Tanneries  (superior) 

Warehouses  (excluding  hemp,  jute  and 
drugs) 

Weaving 

Wholesale  mercantile  (without  serious  as- 
sociated manufacturing  hazards) 

Worsted  and  woolen  manufacturing  (me- 
dium and  high  grade  stoclt) 
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••V** 


Automobile  storage  and  repaira 

Bakeries  (average) 

Baking  powder  manuflMSturing 

Bluing  manufacturing 

Candy  manufacturing 

Canning  establishments 

Card  clothing  manufacturing 

Cotton  warehouses  (average) 

Electric  traction  property  (superior) 

Hat  manufacturing 

Harness  and  saddlery  manufacturing 

Hotels 

Leather  board  manufacturing 

Manufacturing  of  brushes  and  brooms 

Marble  and  stone  works 

Metal  working  (average) 

Paint  manufacturing  (superior) 

Piano  assembling  and  finishing  (average) 


Piano  manufacturing 

Pocket  book  manufacturing 

Printing  and  bindins 

Rattan  goods  manufacturing 

Retail  mercantile  (other  than  department 

stores)  and  open  wholesale  stocks 
Shoe  manufacturing 
Stables 

Tanneries  (average) 
Tobacco  manufacturing  and  storage 
Trunk  manufacturing 
Wall  paper,   coated  paper,   playing 

manufacturing 
Whip  manufacturing 
Wool  pulling  and  scouring 
Wood-workers  with  slight 

varnishing,  and  painting 
Writing  ink  manuflM^turing 


card 


dust,  shaving, 
hazards 


•  •7t» 


Cotton  and  linseed  oil  mill8>nd  refineries 

Curry  shops 

Drugs,  manufacturing  or  wholesale  (where 
not  violating  Item  31  "Automatic 
Sprinkler  Protection  Grading  Sched- 
ule") 

Electric  traction  property  (average) 

Fire  brick  and  tile  works 

Glass  works 

Hemp  and  Jute  manufacturing,  or  storage 
(where  not  violating  Item  29  "Auto- 
matic Sprinkler  Protection  Grading 
Schedule'*) 

Knitting  mills  (full  process) 

Mattress  and  upholstery  shops 


Paint  manufacturing  (average) 

Potteries 

Printing  and  lithographing  ink  manufac- 
turing 

Raff  stocks 

Rubber  reclaiming 

Sweat  shops 

Wool  mills  (low  grade  stock) 

Wool  shoddy  manufacturing 

Woodworkers  with  notable  hazard  fh>m 
sawdust  shavings.  piUnting.  and  var- 
nishing (where  not  violating  Items  27. 
28.  29  and  32  "Automatic  Sprinkler  Pro- 
tection Grading  Schedule") 


Limitations  in  Application  of  Schedule  for  Rating  Sprinklered  Risks 

This  schedule  is  restricted  to  the  rating  of  risks  whose  hazard  of  occupancy 
is  under  positive  control  by  the  sprinkler  system  as  installed  and  maintained 
therein,  such  risks  not  being  subject  to  serious  local  exposure;  and  its  applica- 
tion is  subject  to  the  following  limitations: 

(1)  It  shall  not  applv  to  risks  having  defective  sprinkler  equipments 
sraded  at  less  than  60%  of  full  standard  by  application  of  the  ' 'Automatic 
Sprinkler  Protection  Grading  Schedule." 

(2)  It  shall  not  apply  to  risks  of  ordinary  construction,  having  hollow 
walls,  hollow  ceilings  ana/or  unprotected  openings  through  floors,  nor  to  those 
of  concrete  block  or  cement  block  construction. 

(3)  It  shall  not  ftjpply  to  risks  having  an  exposure  charge  which,  under 
provision  of  Section  "C^'  above,  exceeds  10c.  on  the  contents.  It  shall  not 
apply  to  risks  communicating  w^ith  other  risks  having  sprinkler  equipments 
gradmg  less  than  60  per  cent.  No  charge  shall  be  made  for  communication 
with  other  sprinklered  risks  eligible  for  rating  under  this  schedule. 

(4)  It  shall  not  apply  to  Department  Stores,  or  to  risks  having  occupancy 
or  construction  not  conaucive  to  positive  control  of  fire  by  sprinklers,  as  per 
' 'Automatic  Sprinkler  Protection  Grading  Schedule,"  Items  26  to  33,  inclusive. 

(5)  It  shall  not  apply  to  risks  containing  more  than  two  manufacturing 
tenants,  unless  the  builamg  is  of  good  fireproof  or  mill  construction  with  aU 
vertical  opening  cut  off  in  an  approved  manner,  in  which  event  the  building 
shall  take  the  'OC"  occupancy  grading,  and  the  various  contents  grade  accord- 
ing to  their  class. 

(6)  The  following  clauses  are  required  for  risks  rated  under  this  schedule: 
Automatic  Sprinkler;  Electric  Light;  90%  Coinsurance;  Central-Station 
Thermostat  or  Central-Station  Valve  Alarm,  or  Watchman  and  Clock.  The 
final  rates  under  this  schedule  are  net  and  are  not  subject  to  any  further  deduc- 
tions whatsoever,  either  for  the  above  clauses  or  for  100%  Coinsurance  Clause, 
or  for  any  other  feature. 
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(7)  Rates  are  for  one  year  term.  Short  rates  required  for  leas  than  one 
year.  BuilcUngB  or  contents  may  be  written  for  2.7  rates  for  three  years,  or 
4.3  rates  for  five  years. 

(8)  Use  and  Occupancy  insurance  liable  in  event  of  a  loss  to  the  building 
and/or  machinery  may  be  written  for  -fg  of  the  building  rate.  Use  and  Occu- 
pancy insmrance  liable  in  event  of  a  loss  to  contents  may  be  written  at  ^^  the 
contents  rate.  Rents  insurance  may  be  written  at  fV  the  building-  rate.  In- 
surance of  commissions  on  goods  shall  be  rated  the  same  as  the  contents. 

(9)  Blanket  rates  for  sectional  risks,  and  also  for  building  and  contents, 
may  be  promulgated  upon  satisfactory  ascertainment  of  distributed  values. 

It  has  now  been  in  use  for  nearly  six  years  in  different  parts  of  the 
country  and  has  given  great  satisfaction  as  a  method  of  handling 
sprinkler  business.  It  illustrates  very  well  the  process  of  evolution 
which  is  steadily  taking  place  in  fire  insurance  rating. 

It  should  be  noted  that  it  only  applies  to  properties  of  a  certain 
class  and  these  are  very  specific  classes.  Other  classes  as  department 
stores  are  excluded  and  imder  general  language  risks  which  may 
not  be  subject  to  positive  sprinkler  control.  The  average  rates  pro- 
duced by  this  schedule  will  run  about  twenty-five  cents  on  the 
contents  and  between  ten  and  fifteen  cents  on  the  building. 
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PART  m 


DEAN  ANALYTIC  SCHEDULE 

MERCANTILE  CLASSES 

In  previous  parts  the  subject  of  rating  has  been  considered 
and  a  survey  given  of  the  various  systems  in  use,  except  the  one 
noted  at  the  head  of  this  part.  That  system  is  now  to  be  examined. 
In  a  personal  letter  received  from  A.  F.  Dean,  of  Harding  &  Dean, 
managers  of  the  Western  Department  of  the  Springfield  Rre  and 
Marine  Insurance  Company,  of  Springfield,  Massachusetts,  the 
general  historical  dates,  dealing  with  the  beginning  of  this  system, 
bringing  the  various  editions  down  to  the  present  time,  are  set  forth 
as  follows: 

It  began  with  a  paper  read  before  the  Missouri,  Kansas,  and  Nebraska 
Fire  Underwriters  Association  in  1880,  on  the  subject  of  ''Irregular  Frame 
Exposures."  This  paper  embodied  some  formulas  on  the  subject  which  I 
personally  used  for  many  years.  On  July  17,  1889,  I  formulated  a  schedule, 
at  the  request  of  the  companies,  along  the  same  line  of  reasoning,  but  it  was 
not  adopted  because  of  its  being  regarded  as  too  complicated.  On  December 
11,  1902,  I  issued  a  pamphlet  entitled  ''Exposure  Formulas  and  Basis  Tariff 
for  Frame,  Iron-Clad,  and  Brick-Veneered  Buildings  and  Ck>ntents."  This 
was  at  once  put  to  use  for  practical  rating  purposes  in  Illinois  and  several  other 
states.  On  March  11,  1903,  I  completed  a  basis  tariff  for  brick  buildings  and 
contents,  which  was  also  put  to  immediate  use  by  the  companies.  On  June 
27,  1903,  I  issued  a  second  edition  combining  the  two  tariffs  above  named, 
under  the  title  of  "Mercantile  Tariff  Exposure  Formulas"  for  the  Measurement 
of  Fire  Hazard,  which  also  went  into  immediate  use  as  a  rating  tariff  for  the 
smaller  towns,  but  the  use  of  it  in  larger  towns  required  various  expansions, 
and  on  October  17,  1904,  I  issued  a  new  edition  under  the  name  of  "Analytic 
System  for  the  Measurement  of  Relative  Fire  Hazard."  Immediately  after 
the  Baltimore  fire  I  was  asked  to  expand  the  system  so  as  to  cover  the  large 
cities  in  lieu  of  the  tariffs  that  had  been  in  previous  use.    This  was  done,  but 

Copyrighi,  1919,  by  Awuriean  School  of  Corrt$pondtn€$, 
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the  tariff  did  not  go  into  use  until  immediately  after  the  San  Francisco  con- 
flagration. On  June  15,  1006,  the  edition  for  large  cities  was  issued  and  has 
been  in  use  ever  since,  being  expanded  from  time  to  time  as  new  problems  arose. 

Three  principles  are  considered  somewhat  basic  in  the  Analytic 
S>'stem  or,  as  they  are  called,  three  classes  of  hazards: 

(1)  The  hazard  inherent  in  or  about  the  risk  itself,  such  as  con- 
struction, occupancy,  protection,  and  exposure. 

(2)  The  element  of  place,  dealing  with  the  diflFerent  amounts  of 
losses  in  different  localities  on  the  same  classes  of  risks. 

(3)  The  element  of  time,  which  takes  into  consideration  the  loss 
changes  from  year  to  year  in  the  country'  as  a  whole,  in  a  given 
state  or  in  a  smaller  geographical  division. 

Rates  are  considered  as  made  up  of  a  large  variety  of  quan- 
titative relations.  They  must  be  measured  by  an  empirical  standard 
which  can  be  applied  to  all  classes  dealt  with  by  the  schedule 
and  at  all  times  on  the  principle  that  a  yard  stick  may  measure 
twenty-one  yards  or  one  hundred  yards.  This  relativity,  as  it  is 
termed,  is  secured  by  means  of  a  percentage  system  of  charges  after 
the  base  rate  is  once  adopted.  In  the  Universal  Mercantile  Schedule, 
as  pointed  out  in  Part  II,  all  the  charges  for  defects  such  as  a  non- 
standard chimney,  non-standard  floor  openings,  etc.,  are  a  fixed 
charge,  generally  so  many  cents  added  to  the  base  rate.  Percentages 
in  the  I'niversal  Schedule  are  not  dealt  with  except  in  the  making 
of  reductions  for  various  fire  appliances  and  some  other  items  and 
for  coinsurance.  In  the  ^Vnalytic  System,  however,  percentages 
are  used  rather  than  fixed  amounts,  almost  entirely  throughout  the 
work.  Tills  is  departed  from  in  two  particulars  which  will  be  noted 
in  (hie  course.  But  where,  for  a  defective  chimney,  the  Universal 
Mercantile  Schedule  would  add  a  certain  number  of  cents,  as  twelve, 
the  Analytic  System  would  make  a  percentage  increase  as  10  per  cent 
of  the  base  rate.  The  reasons  for  the  percentage  charges  have  been 
set  forth  by  one  wTiter,  II.  M.  Hess,  now  manager  of  the  Missouri 
Rating  Bureau,  in  the  following  language: 

If  the  consensus  of  underwriting  judgment  and  experience  decides  that 
the  charge  for  a  stovepipe  through  a  roof  should  be  two  times  the  charge  for 
a  brick  chimney  on  brackets,  this  relation  should  be  the  same  in  a  building 
with  protection  and  a  building  without  protection;  in  a  building  in  Texas  and 
a  building  in  New  York;  in  a  building  today  and  a  building  next  year,  when 
rates  may  have  been  put  up  or  down  to  provide  for  changing  experience.    If 
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the  consenmis  of  underwriting  judgment  decides  that  the  charge  for  a  stovepipe 
through  a  roof  should  bear  a  certain  relation  to  the  charge  for  the  unanalyzed 
hazard,  namely,  the  basis  rate,  this  relation  should  be  the  same  in  buildings 
with  and  without  protection,  in  Texas  and  New  York,  this  year  and  next  3rear. 
Obviously,  the  only  way  to  keep  constant  these  relations  of  unanalyzed  and 
analyzed  hazard  is  to  make  the  charges  for  them  percentages,  and  always  to 
use  these  same  percentages  wherever  the  hazards  which  they  cover  are  found. 
The  only  hazard  that  is  conmion  to  all  risks  is  the.  unanalyzed  hazard,  and, 
therefore,  the  only  "charge"  that  is  found  in  all  risks  is  the  basis  rate.  For 
this  reason  the  charges  for  analyzed  hazard  are  made  percentages  of  the  basis 
rate,  and  we  are  thus  enabled  to  maintain  constant  relations  among  individual 
charges  and  between  any  individual  charge  and  the  basis  rate.  When  the 
difference  in  experience  in  two  states  calls  for  different  estimates  in  those  states 
we  can  then  assume  different  basis  rates,  and  know  that  the  same  relation  exist- 
ing between  the  two  basis  rates  exists  between  the  final  estimates  on  similar 
risks  in  the  two  states  and  also  between  the  various  charges  for  similar  defects 
in  each  risk.  Also  when  the  difference  in  experience  from  year  to  year  calls 
for  a  change  in  estimate,  we  can  change  the  basis  rate  and  be  sure  that  the 
same  relations  will  continue  to  exist. 

Percentage  Charges  Illustrated.  As  this  point  is  the  pith  of  the  whole 
matter  and  should  be  most  clearly  understood,  I  will  illustrate:  Assume  the 
basis  rate  for  all  brick  buildings  in  the  year  1908,  one  story  high,  and  without 
protection,  to  be  80  cents.  In  1913,  five  years  later,  assume  the  basis  rate  for 
the  same  class  of  building  will  be  60  cents,  which  is  20  cents,  or  25  per  cent, 
lower  than  the  basis  in  1908.  Assume  a  stovepipe  through  the  roof,  for  which 
the  charge  is  15  per  cent.  In  1908  the  charge  is  15  per  cent  of  80  cents,  or  12 
cents.  In  1913  the  charge  will  be  15  per  cent  of  60  cents,  or  9  cents.  9  cents 
is  3  cents,  or  25  per  cent,  less  than  12  cents.  We  thus  have  the  same  relation 
between  the  two  stovepipe  charges  that  we  have  between  the  two  basis  rates. 
Also  assume  an  occupancy  charge  of  45  per  cent.  In  1908  the  charge  is  45 
per  cent  of  80  cents,  or  36  cents.  In  1913  the  charge  will  be  45  per  cent  of  60 
cents,  or  27  cents.  27  cents  is  9  cents,  or  25  per  cent,  less  than  36  cents.  We 
thus  have  the  same  relation  between  the  two  occupancy  charges  that  we  have 
between  the  two  basis  rates.  Also  please  observe  that  the  charge  for  the  assumed 
occupancy  is  three  times  the  charge  for  the  stovepipe  in  1908,  as  well  as  in  1913. 
36  cents  is  3  times  12  cents;  27  cents  is  3  times  9  cents.  If  we  now  assume  that 
this  defect  and  this  occupancy  are  all  that  can  be  charged,  we  figure  total 
charges  of  15  per  cent  plus  45  per  cent,  or  60  per  cent.  In  1908  the  final  esti- 
mate on  the  building  is  60  per  cent  of  80  cents,  or  48  cents,  plus  80  cents, 
which  gives  $1.28.  In  1913  the  final  estimate  will  be  60  per  cent  of  60  cents, 
or  36  cents,  plus  60  cents,  which  gives  96  cents.  96  cents  is  32  cents,  or  25 
per  cent,  less  than  $1.28.  We  thus  have  the  same  relation  between  the  two  final 
estimates  that  we  have  between  the  two  basis  rates,  or  between  the  two  occu- 
pancy charges,  or  between  the  Iwo  stovepipe  charges;  and  furthermore,  the 
basis  rate,  stovepipe  charge,  occupancy  charge,  and  final  estimate  in  1908 
bear  the  same  relation  to  each  other  that  they  will  in  1913.  If  the  occupancy 
is  three  times  as  hazardous  as  the  stovepipe  in  1908,  it  will  be  three  times  as 
hazardous  in  1913,  and  we  have  it  so  charged.  Thus  by  a  difference  in  basis 
rates,  we  are  able  to  bring  about  any  desired  difference  in  final  estimate  due 
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to  a  difference  in  experience,  without  changing  the  relations  among  the  various 
charges  for  hazards  that  can  be  or  can  not  be  analyzed.  Again,  quoting  from 
the  preface  of  the  Analytic  System,  we  read: 

A  tariff  constructed  of  fixed  charges  and  credits — in  other  words,  a  tariff 
in  which  the  principle  of  relativity  is  not  recognized — must,  of  necessity,  be 
an  unstable  compound  of  unrelated  parts.  It  can  not  be  expected  to  serve  its 
purpose  for  any  length  of  time,  because  every  important  change  in  loss  ratios, 
which  are  always  changing,  necessitates  its  reconstruction  or  abandonment 
through  a  percentage  advance  or  reduction  which,  applied  as  it  is  to  rates  out 
of  relation  to  each  other,  breeds  trouble. 

A  tariff  built  upon  the  comer  stone  of  relativity  when  once  established 
becomes  an  organic  whole — an  instrumentality  of  logically-related  parts  which 
no  future  exigencies  of  the  business  need  ever  disturb.  It  becomes  a  permanent 
instrument  for  measuring  hazard,  and  while  it  is  conceivable,  even  probable,  that 
a  new  tariff  so  constructed  may  require  a  period  of  adjustment  to  develop  con- 
sistency in  all  its  parts,  when  this  consistency  has  been  finally  established  to 
conform  to  the  best  underwriting  judgment,  it  becomes  a  finished  structure, 
a  permanent  body  of  relations  for  the  measurement  of  fire  hazard.  While 
it  may  become  necessary  from  time  to  time  to  insert  some  new  charge  or  credit 
to  fit  an  innovation  in  hazard,  aside  from  this  necessity  it  is  safe  to  assume  that, 
once  completed,  it  will  be  as  unnecessary  to  rebuild  a  tariff  so  constructed  as 
it  is  to  rebuild  the  compass,  chronometer,  or  thermometer. 

The  schedule  is  the  result  of  a  process  of  evolution,  as  shown 
in  the  letter  by  Mr.  Dean.  Indeed,  it  would  be  impossible  to  over- 
praise him  for  the  immense  Ifibor  which  he  devoted  unselfishly  to  the 
perfecting  of  the  system  after  he  had  once  conceived  it.  With  a  full 
schedule  for  examination  it  is  perhaps  difficult  to  realize  the  immense 
number  of  hours  that  went  into  its  construction.  Mr.  Dean  has 
stated: 

Charges  and  credits  are  necessarily  provisional  assumptions:  The  most 
we  can  claim  for  them  is  that  they  are  based  upon  unit,  judgment,  and  expe- 
rience through  which  alone  approximate  truth  can  be  estimated.  While  even 
this  will  admit  of  debate,  for  they  have  been  a  source  of  much  controversy, 
there  is  no  disputing  the  fact  that  the  specific  charges  and  credits  (for  in  them 
the  evidences  of  abstract  fairness  applying  to  features  common,  perhaps,  to 
all  the  risks  of  a  class  or  to  a  large  proportion  of  the  risks  in  many  classes)  are 
free  from  the  possibilities  of  personal  favoritism.  It  is  proper  t«  assume  that 
as  many  of  these  elementary  factors  will  be  too  low  as  too  high,  but  when  a 
risk  is  unduly  taxed  in  one  charge  it  is  reasonably  sure  to  be  insufficiently  taxed 
in  another.  From  these  leveling  influences,  it  is  safe  to  assume  that  each  charge 
is  automatically  regulated  within  the  limit,  not  far  from  the  true  mean. 

Such  are  the  principles  on  which  the  schedule  is  founded  and 
the  reasons  as  set  forth  by  its  exponents. 

There  is  now  left  for  consideration  the  schedule  itself.  It  should 
be  pointed  out  that  the  schedule  is  copyrighted  and  copies  can  be 
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secured  from  the  proper  authorities  having  charge  of  the  schedule. 
It  is  true  of  this  schedule,  as  it  is  of  the  Universal,  that  one  needs 
the  complete  copy  of  either  schedule  in  order  to  thoroughly  master 
the  subject.  It  is,  however,  equally  true  of  both  schedules  that  a 
clear  idea  can  be  obtained  of  their  general  workings  without  the  actual 
volumes  before  us.  It  is  always  necessary  for  a  rate  to  conunence 
somewhere  or  with  something,  and  the  Analytic  does  not  diflfer  in 
this  respect  from  all  the  other  schedules  that  have  been  devised. 
It  must,  of  necessity,  have  a  starting  point  and  that  starting  point 
is  the  basis.  It  is  based,  as  in  the  Universal,  and,  as  a  matter  of  fact, 
as  such  bases  have  generally  been  made,  on  the  general  conditions 
dealing  with  public  fire  construction  in  any  locality  to  which  the 
schedule  is  being  applied.  In  the  western  part  of  the  country,  with 
headquarters  at  Chicago,  the  general  body  which  has  had  charge 
of  the  fire  insurance  interests  or  represented  them  in  a  larger  way, 
is  a  body  known  as  the  Western  Union,  or  more  briefly  called  the 
Union,  that  it  might  not  be  confounded  with  the  telegraph  company. 
The  Union  divides  municipal  and  public  protection  into  seven 
grades,  the  essential  facts  in  each  grade  being  substantially  as  follows: 

First  Class.  Waterworks.  Gravity,  combined,  or  direct-pres- 
sure system,  with  reservoir  or  standpipe,  pumps  and  boilers  of  specified 
capacity,  and  with  pumping  station,  pressure,  mains,  gate  valves, 
and  hydrants  as  specified.    Approved  high-pressure  system. 

Fire  Department.  Equipment  of  apparatus,  full-paid  men, 
hose,  and  telegraph  fire-alarm  system  as  specified. 

Ordinances.  Approved  building,  electrical  and  general  ordi- 
nances.   Streets  of  standard  width,  paved  and  lighted. 

Second  Class.  Waterworks,  Same  as  first  class,  except  pumping 
station  may  be  brick  instead  of  **fire  resistive,"  and  a  slight  defi- 
ciency may  exist  in  location  of  gate  valves.    No  high-pressure  system. 

Fire  Department.  Same  as  first  class,  except  requirement  for 
number  of  men  may  be  reduced  as  specified. 

Ordinances.  Same  as  first  class,  except  that  wires  need  not  be 
installed  in  imderground  conduits. 

Third  Class.  Waterworks.  Pressure  mains  and  hydrants  same 
as  first  class.  Other  requirements  not  less  than  75  per  cent  of  first 
class;  Force  mains  need  not  be  in  duplicate.  Pumping  station 
same  as  second  class. 
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Fire  Department.  Same  as  first  class,  except  requirement  for 
number  of  men  may  be  reduced  as  specified.  Fire-alarm  system 
need  be  only  75  per  cent  of  first  class. 

Ordinances.  Suitable,  but  without  special  supervTsion.  Streets, 
however,  to  be  same  as  first  class. 

Fourth  Class.  Waiericorks.  Sj-stem  may  be  50  per  cent  of 
first  class,  mains  and  hydrants  slightly  deficient,  but  pressure  standard. 

Fire  Department  Organized  and  well-drilled  volunteer.  To 
be  paid  for  services  rendered.  Not  less  than  one  hook  and  ladder 
truck  and  one  hose  reel  with  1,500  feet  of  standard  hose,  drawn  by 
horses.    Satisfactory'  telephone  system  for  fire  alarm. 

Ordinances.  Same  as  third  class.  Streets  same  as  first  class 
in  business  district. 

Four  and  One-Half  Class.  Waterworks.  System  not  up  to 
standard  of  fourth  class. 

Fire  Department.    Slightly  deficient  from  fourth  class. 

Ordinances.    None. 

Fifth  Class.     Waterworks.    None. 

Fire  Department.  Volunteer  with  one  hand  engine,  500  feet  of 
standard  hose,  and  public  cisterns.  A  double-tank  chemical  engine 
may  be  used  in  place  of  a  hand  engine. 

Ordifiatices.     None. 

Sixth  Class.     No  fire  protection. 

Briefly  ex]>n*ssed,  the  Analytic  System  has  no  base  rate,  but 
contents  itself  with  adopting  the  base  rate  furnished  by  the  Western 
T'nion.  Two  of  these  basis  rates  for  anv  one  localitv  are  used,  the 
brick  basis  rate  and  the  frame  basis  rate. 

ITEMS  CONSIDERED  IN  COMPUTINQ  RaTB 

It  is  now  nec*essary  to  take  up  the  various  items  which  are 
considered  in  computing  the  rate,  the  basis  rate  having  been  estab- 
lished. 

Height.  A  one-story  building  is  assumed  as  a  standard  and 
for  each  story  over  that  an  additional  charge  is  made.  The  increas- 
ing stories  call  for  higher  charges  until  a  point  is  reached  where  the 
higher  protection  is  considered  of  no  value.  Beyond  that  point  the 
amount  charged  is  the  same  for  each  story.  If  there  be  no  basement 
in  the  building,  a  reduction  is  made  from  the  basis  rate,  while  sub- 
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basements  are  charged  for  by  an  addition.  In  the  case  of  the  height 
charge,  in  order  to  secure  a  higher  charge  for  each  succeeding  story, 
the  charge  for  the  second  story,  for  instance,  is  added  to  the  one- 
story  charge,  and  this  sum  used  as  a  basis  for  the  succeeding  charge, 
and  so  on  for  any  number  of  stories. 

Area.  One  thousand  square  feet  constitutes  the  unit  or  stand- 
ard of  measurement  for  area.  All  in  excess  of  that  is  charged.  The 
charge  for  area  is  not  made,  as  in  the  case  of  height,  by  establishing 
a  new  basis  rate  each  time  on  which  to  base  the  future  charge,  but 
rather  by  a  system  of  percentages  which  vary  with  the  number  of 
feet.  Thus,  in  a  one-story  building  increasing  by  thousands  from 
the  unit  of  measurement — one  thousand  up  to  eight  thousand — 
the  charges  increase  1  per  cent  for  each  additional  thousand  after 
the  first  charge  of  2  per  cent  has  been  made  for  the  first  one  thou- 
sand feet  in  excess  of  one  thousand.  Thus,  for  8,000  square  feet  the' 
charge  would  be  8  per  cent. 

Walls.  Standards  are  pven  for  the  various  types  of  walls — 
walls,  independent  or  exterior  walls,  supporting  or  non-supporting 
walls,  ledged  and  not  ledged,  walls  braced  with  pilasters,  and  walls 
of  poor  construction.  A  standard  differs  according  to  the  occupancy 
above  grade.  Naturally,  a  ver>'  light  occupancy,  as  office,  barber 
shop,  etc.,  will  permit  of  lighter  walls  than  those  of  the  ordinary 
hazard.  The  question  of  parapet  and  coping  is  taken  into  considera- 
tion. Also  the  question  of  a  brick  building  being  deficient  in  some 
respect,  as  by  a  frame  extension  or  a  frame  side,  while  plate  glass 
windows,  if  unusually  large,  are  charged  for.  In  rating  from  the 
frame  basis,  the  frame  wall  is  accepted  as  a  standard  and  percentage 
credits  are  permitted  for  improved  construction.  The  charges  run 
1  per  cent  for  each  inch  of  deficiency  in  the  non-standard  wall. 

Roof.  A  standard  roof  has  a  metal,  tile,  slate,  or  approved 
composition  with  a  charge  of  20  per  cent  for  a  shingle  or  unapproved 
composition.  Mansards  arealso especially  charged  for.  In  framebuild- 
ings  the  shingle  or  unapproved  composition  is  accepted  and  the  credit 
allowed  where  the  roof  is  metal,  tile,  slate,  or  approved  composition. 

Ceilings.  In  brick  buildings  a  charge  of  20  per  cent  is  made 
for  wooden  ceilings  in  each  story,  and  5  per  cent  for  strawboard, 
paper,  or  canvas  ceilings,  each  story.  The  charges  are  increased 
50  per  cent  where  the  side  walls  are  sheathed  in  like  manner. 
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Skylights.  In  brick  buildings,  charges  are  made  for  openings 
through  the  roof  not  covered  with  standard  skylights.  Charges, 
3  per  cent  for  the  largest  opening,  40  square  feet  or  less,  increasing 
1  per  cent  for  each  additional  unit  of  like  amount  and  2  per  cent  for 
each  additional  skylight.  In  the  case  of  photographers'  skylights, 
3  per  cent  charge  is  raised  to  5. 

Floor  Openings.  In  brick  buildings,  the  charges  are  made  for 
such  features  but  where  protected  with  an  automatic  trap  no  charge 
is  made.  Credits  are  given  when  the  openings  through  a  floor  of 
more  than  ordinary  construction  are  protected  in  a  superior  manner. 
The  technical  term  used  in  the  schedule  to  describe  the  openings  in 
a  floorway  is  retinue. 

In  its  treatment  of  floorway  openings  from  a  fire  insurance 
standpoint,  the  schedule  does  perhaps  one  of  the  most  consistent 
pieces  of  work  in  any  schedule.  It  considers  that  the  opening  on  which 
the  great  stress  is  always  laid  must  not  be  deemed  as  a  thing  of  itself 
and  considered  solely  alone,  but  must  be  considered  in  connection 
with  the  construction  of  the  floorway  itself.  Floorways  are  divided 
into  four  grades  which  are  grouped  as  follows: 

(1)  Matched  wooden  flooring  on  joists  of  ordinary  dimensions 
with  lath  and  plaster,  wood,  or  metal  ceiling  beneath. 

(2)  The  same  as  (1),  with  the  exception  that  the  flooring  is  double. 

(3)  Deals  with  floorways  which  run  as  follows: 

(a)  Where  the  floor  is  3  inches  thick  and  presumably  adequate 
for  the  load. 

(b)  Where  the  supports  of  the  floorway,  posts,  beams,  and 
girders  are  at  least  6X6  inches  and  sufficiently  strong  for 
the  load.  Should  they  be  of  cast  iron  or  steel,  the  pro- 
tection must  be  at  least  2  inches  of  fireproof  material. 

(c)  Where  the  finish  is  without  any  concealed  places. 

(d)  Where  the  partitions  are  non-burnable. 

(4)  Where  the  floorways  are: 

(a)  3  inches  splined  plank  covered  with  1-inch  flooring. 

(b)  WTiere  the  floorways  upports,  posts,  beams,  and  girders  are 
at  least  8X8  inches  and  sufficiently  strong  for  their  load. 
If  metal  to  be  protected,  the  beams  must  rest  on  ledges  or  if 
not  then  be  self-releasing.  The  posts  must  be  superimposed 
throughout  with  cast-iron  caps,  base  plates,  and  pintles. 
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(c)  Where  the  finish  is  without  any  concealed  places. 

(d)  Where  the  partitions  are  non-burnable. 

The  floor  openings,  or  retinues,  are  divided  into  four  grades 
which  may  be  roughly  defined  as  follows: 

(1)  An  opening  with  a  standard  trap  or  enclosure  of  matched  floor- 
ing with  enclosure  door,  if  any,  of  same*  material  and  automatic 
in  its  closing. 

(2)  The  same  as  (1),  but  of  two  thicknesses  of  matched  boards. 

(3)  The  opening  protected  with  a  metal-covered  trap  or  door,  as 
in  the  case  of  standard  fire  doors.  Or  an  enclosure  of  plaster 
or  cement  on  both  sides  of  a  metal  lath  attached  to  an  iron  frame 
or  it  may  be  tile  or  terra  cotta,  with  a  standard  metal  or  metal- 
clad  door  and  self-closing. 

(4)  Opening  in  brick  shaft  with  standard  fire  doors.  Presmnably 
in  place  of  the  brick,  either  concrete  or  terra  cotta  would  be 
acceptable. 

The  sign  for  plus  indicates  an  addition  and  the  sign  for  minus 
a  subtraction  in  the  floor-opening  table.  An  illustration  that  has 
feeen  used  may  make  the  subject  clearer.  Assume  a  three-story  brick 
building  with  a  basement.  The  floorways  of  matched  wooden  floor- 
ing, therefore,  fall  into  group  1.  An  elevator  runs  from  the  basement 
to  the  second  story.  At  the  first  floor  it  b  protected  by  an  automatic 
trap  which  grades  1  in  the  floor-opening  group.  The  elevator  open- 
ing through  the  second  floorway  is  unprotected  and,  therefore,  grades 
below  1.  The  schedule  very  consistently  and  rightly  considers  each 
floorway  and  its  opening  separately,  and  they  are  charged  for,  or 
credited  for  that  matter,  on  that  basb.  The  opening  of  each  floor 
is  graded  by  the  opening  in  that  floor  which  has  the  poorest  protec- 
tion. The  charge,  therefore,  for  the  first  floorway  will  be  for  a  floor- 
opening  grading  below  1.  Combined  with  the  floorway  which  grades 
at  1 — and  this,  by  the  table,  calls  for  an  addition  of  5  per  cent,  that 
is,  5  per  cent  of  the  base  rate.  Thb  method  b  followed  for  each  floor 
opening.  The  sum  totals  of  all  the  percentage  additions  for  each 
floor  will  be  the  percentage  of  the  base  rate  that  is  taken  for  floor 
openings.  Floor  openings  should  always  be  treated  in  the  manner 
in  which  they  are  treated  in  this  schedule.  They  should  always  have 
reference  to  the  floorway  itself.  Floorways  consisting  of  inch  boards 
may  be  worn,  and  with  cracks  it  b  not  such  an  important  matter 
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to  have  standard  shafts.  As  a  working  rule,  a  shaft  should  be  as 
good  as  the  floor.  All  this  from  the  fire  insurance  standpoint.  With 
a  coming  of  the  fire  prevention  movement  it  is  not  impossible  that 
we  shall  demand  standard  shafts  in  all  classes  of  buildings,  this  being 
due  to  the  consideration  which  is  now  given  to  the  life  hazard,  as 
well  as  proj^erty  hazard,  which  latter  has  hitherto  governed  in  mer- 
cantile properties.  It  should  be  pointed  out  that  if  a  floorway  itself 
is  weak,  then  the  high-grade  floor  opening  protection  does  not 
receive  a  maximum  credit.  It  is  considered,  and  undoubtedly  rightly, 
that  the  floorway  being  weak  will  permit  the  fire  to  pass  ver>'  rapidly 
from  one  floor  to  another.  In  common  with  other  schedules  the 
largest  charge  remains  until  all  the  floor  openings  have  been  pro- 
tec*ted.  This  fundamental  idea  in  the  charging  for  floor  openings 
is  based  on  the  fact  that  one  opening  will  permit  water  and  smoke, 
although  there  may  be  no  fire  to  pass  from  one  floor  to  another. 
It  is  not  necessar>'  that  there  should  be  several  openings  to  accom- 
plish this.  Therefore,  until  all  are  protected  a  maximum  allo^^-ance 
can  not  be  secureil. 

WTiere  the  partitions  come  in  for  consideration  they  are  di\'ided 
into  the  follo^^nng  classes: 

(1)  Below  1,  ordinary  wooden  lath  and  plaster  \vith  the  wooden 
doors. 

(2)  Plaster  or  (rment  on  metal  lathing  with  automatic  closing 
doors  of  \v()(h1  are  2  inches  thick. 

(3)  Plaster  or  cement  on  metal  lath  or  studding,  or  tile  or  brick 
with  self-closing  standard  doors  or  the  metal-clad  doors.  The 
scliedule  also  i)rovides  that  when  a  story  of  a  building  has 
light  (X'cupancy  its  floor  openings,  under  certain  cases,  may  be 
considcRMl  as  in  a  class  higher  than  they  normally  would  l>e. 
Such  a  condition  will  usually  l)e  found  in  hallway  construction 
such  as  in  oflice  buildings. 

Partitions.  In  buildings  of  ordinary  construction,  the  standard 
partition  is  either  brick,  tile,  or  plaster  on  both  sides  of  metal,  which 
latter  is  attached  to  iron  supports.  Or  it  may  be  some  equally  good 
fire-resisting  material.  Charges  are  made  for  departures  from  the 
standard. 

Chimneys.  In  all  buildings  the  standard  for  a  chimney  is 
brick  built  from  the  ground,  although  it  permits  a  chimney  to  be 
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ledged  in  the  walls  if  the  construction  is  of  high  grade  and  approved. 
All  departures  are  charged  for. 

Outside  Attachments.  Outside  attachments  such  as  wooden 
cornices,  awnings,  roof  houses,  etc.,  are  charged  for.  A  building  of 
ordinary  construction  is  supposed  to  be  free  from  these  anomalies. 

Superior  Construction.  Where  a  brick  building  has  a  superior 
construction,  something  beyond  the  standard,  the  schedule  provides 
for  a  recognition  of  this  feature  or  features,  thus: 

If  the  floors  and  their  supports  are  in  the  highest  class,  20  per 
cent  is  deducted,  and  for  decreasing  grades  of  superior  construction, 
but  yet  above  the  ordinary  10  per  cent  or  5  per  cent,  is  allowed. 
Under  the  phrase  "after  charges,"  the  schedule  makes  provision 
for  those  indisputably  bad  conditions  in  a  risk  which,  in  the  Mer- 
cantile Schedule,  are  called  faults  of  management. 

Occupancy.  The  hazard  of  occupancy  has  been  divided  into 
three  parts:  (1)  As  originating  combustion;  (2)  as  a  medium  for 
fire,  or  as  an  aid  to  combustion  when  once  it  is  started;  (3)  as  an 
effect  of  either  the  fire,  the  smoke,  or  the  water. 

Combustibility,    This  is  classified  under  five  grades: 

(1)  Low-grade.  Merchandise  which  does  not  in  itself  constitute 
a  fuel  for  the  spread  of  combustion,  as  hardware,  leather,  etc. 

(2)  Middling.  Merchandise  which  bums  moderately  in  itself,  but 
may  contain  small  quantities  of  a  higher  grade  of  combustibility, 
either  through  policy  permits  or  conmion  usage,  as  retail  gro- 
ceries, dry  goods,  or  country-store  stocks,  etc. 

(3)  High.  Merchandise  which  burns  freely,  making  a  ver>'  active 
fuel;  store  goods,  milliner^',  etc. 

(4)  Quasi-Incendiary.  Merchandise  that  bm*ns  with  great  intensity, 
is  difficult  to  extinguish,  not  liable  to  spontaneous  combustion, 
nor  that  can  be  ignited  except  it  come  in  contact  with  fire,  as 
matches,  celluloid  goods,  saltpeter,  etc.  This  grade  also  includes 
finely-divided  particles  such  as  shavings,  but  not  substances 
which  are  divided  into  dust  and  having  the  explosion  hazard. 

(5)  Incendiary.  This  will  include  substances  that  bum  as  intensely 
as  those  in  grade  4,  and,  moreover,  give  off  an  inflammable  or 
explosive  vapor  at  ordinary'  weather  temperatures,  as  cmde 
petroleum  and  all  of  its  lighter  products,  ether,  etc.,  and  the 
waste  material  of  planing  mills,  cotton  gins,  etc. 
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Moreover,  there  are  two  other  divisions  in  addition  to  the  five 
wliirh  have  Ihh*ii  eiiumerateil.  One  is  known  as  3)  and  represents 
a  ^raile  that  ran  not  Ite  defined  by  any  quality  which  it  possesses, 
hut  is  us<»d  priiuipally  to  denote  lar^e  open  stocks  which  would  be 
c-Ia>sed  undiT  ^rade  S,  onlinarily,  or  for  moderate  quantities  of 
stiH-ks  that  pn)|HTly  come  under  ^rade  4.  The  next  grade  is  4), 
which  is  made  for  the  same  pur]x>se  as  grade  3},  and  is  principally 
for  small  indu>trial  risks,  or  where  the  conditions  described  in  grade 
rt  are  re«hiceil  by  blower  systems.  This  grade  is  also  used  for  laige 
storage  risks  which  otherwise  might  grade  in  3  or  4. 

(\iu.st\^  of  Fins,  (Piuses  of  fires  are  divided  into  two  classes 
eallctl  the  imrf  and  the  arfire.  The  inert  represents  those  classes 
wiiich  may  be  (Hinsidcn^d  without  any  active  hazard  as,  for  instance, 
a  bank,  a  barber  siiop,  ofRivs,  stndi(Ks,  sample  rooms,  etc.  Active 
aiuscs,  or  (H'cupant'ics,  an*  divided  into  three  groups:  Those  which 
{HTtain  to  living  ctMulitions  primarily;  those  which  deal  with  assem- 
blies or  public  building  conditions;  and  those  which  deal  with  manu- 
facturing conditii»ns  <ir,  as  they  are  tenmx],  industrial.  In  addition 
to  these*  thnr  the  ha/.ani  of  traffic,  which  is  that  hazard  caused  by 
employes  and  customers  in  the  n*gular  transaction  of  business  in 
mc^n-antile  pmiHTtio,  is  taken  into  consideration.  The  living  group 
iiHliu  Ic  tho>c  cl;i»rs  nf  |)ro|HTties  where  residence  is  a  principal  factor, 
a.>  apartment  htMixs.  boanling  houses,  hotels,  club  buildings,  and 
l(nli:in^'  huu>c>.  Tlic  as>embly  gmuj)  embract*s  all  properties  such 
a>  |)iiMic  li;ill>,  chib  nmnis,  ItMlging  nnims.  etc.,  where  i)eople  may 
gather  fi>r  any  purpox*.  The  intlustrial  gnmp  consists  **of  all  indus- 
trial activities  fouiul  in  mercantile  buildings,  either  connected  with 
sttK-ks  of  incr(haiHli>c  «»r  iiulc|)endent."  The  dangers  or  hazards 
(»f  this  ^Tinip  arc  «livitl<*<l  into  thost*  which  may  be  caused  by  the 
raw  material  anil  by  heat-using  devices. 

The  xhcdiilc  furnishes  a  labor  table  which  makes  charges  accord- 
ing ti»  the  number  of  ]ian(l>  em])loye(l,  beginning  with  five  hands  or 
under,  and  increasing  by  units  of  five  or  ten  up  to  the  max- 
imum. 

Devices  which  u-^e  heat  an*  of  such  an  enormous  range  that 
a  special  tabic  i*^  funii>hed  to  emunerate  and  to  classify  them.  Such 
devices,  t»f  conr>e.  may  be  the  electric  motors,  gas  engine,  kerosene, 
natural  gas,  an<I  ga>oK'ne  engine.     The  table  for  such  devit^*s  pro- 
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vides  for  the  hazards  of  one  of  these  forms  of  machinery  and  then  the 
charges  are  increased  to  double  the  charge  for  additional  devices. 

Furnaces  are  especially  classified  as  hand  or  portable  and  fixed 
furnaces.    Dry  rooms  also  receive  a  special  classification. 

Damageability.  The  third  factor  in  regard  to  fire  loss  is  dam- 
ageability.    It  is  divided  into  four  grades: 

(1)  Merchandise  which  is  scarcely  affected  by  the  direct  effects 
of  fire.  HesLvy  hardware,  leather,  and  woolen  goods,  canned 
goods,  etc. 

(2)  Merchandise  which  is  but  slightly  affected,  retail  grocery, 
dry  goods,  etc. 

(3)  Merchandise  that  is  very  easily  damaged,  as  musical  instru- 
ments, books,  butter,  cheese,  fruits,  etc. 

(4)  Merchandise  that  is  extremely  susceptible  to  damage  from  a 
very  slight  cause  or  its  resultant,  sometimes  termed  and  classified 
as  "total  loss  risks"  as,  for  instance,  millinery,  artificial  flowers, 
florists'  stock,  live  animals,  etc. 

Three  other  grades  have  been  established  as  1  J,  2 J,  and  3 J,  to  take 
care  of  conditions  rather  midway  between  1  and  2,  2  and  3,  3  and  4. 
In  regard  to  the  matter  of  damageability,  it  is  considered  that  it 
has  no  effect  upon  the  building  in  which  it  is  contained,  that  it  should 
be  regarded  as  a  relative  matter  and  it  should  measure  the  differ- 
ence between  the  damage  to  the  building  and  the  damage  to  the 
contents.  This  line  of  reasoning  has  led  to  a  departure  from  the 
percentage  charge  and  a  fixed  charge  is  made  for  the  item  of  dam- 
ageability in  computing  the  rate  of  the  contents.  To  state  it  some- 
what differently,  up  to  a  certain  point  the  contents  and  building 
may  be  considered  as  subject  to  an  equal  amount  of  damage.  Beyond 
that  point  the  contents  will  be  more  subject  to  damage  and  there 
will  be  no  relation  between  this  damage  and  that  of  the  build- 
ing. Therefore,  as  there  is  no  relation,  it  is  an  independent  factor 
which  must  be  dealt  with,  and  this  can  be  only  by  the  addition  of 
a  fixed  charge  to  the  contents.  The  occupancy  charges  are  arranged 
in  alphabetical  order  as  in  the  Universal  and  then  the  three  sets  of 
figures  are  furnished,  that  is,  first,  the  combustibility;  second,  the 
media  for  fire,  and  third,  the  damageability.  The  first  two,  as  pre- 
viously explained,  are  percentage  additions  and  the  third  is  a  charge 
of  a  certain  amount  for  the  damageability. 
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Protection  and  Exposure.  The  schedule  is  founded  on  the 
rating  of  an  unexposed  and  unprotected  building.  In  the  early 
part  of  this  work,  under  basis  rates,  reference  has  been  made 
to  the  seven  classes  into  which  the  Western  Territory  is  divided 
according  to  the  public  protection.  To  facilitate  the  operation  of 
the  schedule  the  allowance  for  protection,  that  is,  public,  is  taken 
from  the  base  rate.  The  schedule  furnishes  tables  for  the  different 
conditions.  The  schedule  takes  into  consideration  that  under  pro- 
tection the  damage  to  contents  as  compared  with  building  may  be 
greater  than  where  there  is  no  protection.  In  other  words,  the  better 
the  fire  protection,  the  greater  will  be  the  loss  on  contents.  Statistics 
show  the  loss  on  the  contents  in  brick  buildings  not  in  excess  of  the 
loss  in  buildings  where  improtected;  also  in  the  protected  centers  the 
loss  on  contents  generally  will  greatly  exceed  that  of  the  building. 
All  these  and  other  factors  are  taken  into  consideration  in  making 
the  allowances  for  public  protection,  and  differences,  of  course, 
are  made  between  properties  of  brick  and  frame  construction. 

Private  protection  deals  with  the  usual  items  coming  under  that 
head:  Standard  pipe  and  hose,  fire  escapes,  automatic  fire  alarm, 
chemical  extinguishers,  fire  pails,  watchman  with  approved  clock, 
heat  from  an  outside  source,  or  no  heat  and  approved  whitewash 
or  fireproof  paint.  Percentage  allowances  are  granted  for  all  of  these 
factors,  the  sum  total  of  the  allowances  amounting  to  46  per  cent. 

Exposure.  The  origin  of  the  schedule  which  is  now  being 
considered  was  due,  as  shown  in  the  quotation  from  Mr.  Dean's  letter, 
to  a  desire  to  work  out  an  exposure  formula  for  certain  conditions. 
He  stated  that  the  extent  to  which  buildings  radiate,  absorb  and 
transmit  hazard  depends  upon  the  fire  protection  of  the  city  or  town, 
upon  the  construction  of  exposing  and  exposed  walls,  and  upon 
the  distance  between  the  exposing  and  exposed  walls.  Natur- 
ally, the  suppression  of  fire  depends  upon  public  fire  protection.  The 
construction  of  the  walls  of  the  exposing  and  exposed  buildings  are 
taken  into  consideration.  Decimal  ratios  furnish  the  amount  of 
exposure  presumed  to  be  absorbed  by  the  exposed  building.  Clear 
space  would  naturally  reduce  this  amount  and  of  course  the  dis- 
tance must  be  considered.  Provision  is  made  for  abnormal  exposures 
such  as  an  exceedingly  small  one  or  an  exceedingly  large  one,  while 
other  factors  that  are  given  attention  consist  of  the  falling-wall 
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exposure,  wall-damage  exposure,  buildings  of  an  equal  height, 
exposures  not  opposite  each  other,  fire-stop  walls  in  frame  rows, 
while  finally,  elective  exposures  represent  those  cases  where  there 
is  a  choice  of  methods  in  measuring  the  exposure  charge.  It  is  pre- 
siuned  that  that  method  which  gives  the  highest  charge  is  the  proper 
charge  to  make,  it  being  deemed  a  fundamental  principle  that  if 
the  charges  are  at  least  approximately  correct,  the  rate  represents 
the  highest  hazard  and  is  the  one  which  must  be  taken  into 
consideration.  An  example  showing  a  rate  on  this  schedule,  which 
example  is  taken  from  a  paper  by  H.  M.  Hess,  is  given  herewith. 
It  represents  one  building  in  a  row  of  seven  buildings.  References 
to  the  schedule,  page,  and  section  have  been  omitted  from  the  example 
as  they  are  not  necessary  to  the  purposes. 
Building.    Basis  rate,  5-stor>'  brick  .55  plus  .07. . .  $0.62 

Area  65  ft.X95  ft.  equals  6,175  sq.  ft.  on  6  floors 

including  basement 26% 

Supporting  walls,  right,  exterior,  average  thick- 
ness 16  inches,  which  is  deficient  4  inches 
from  standard  of  18  inches,  charge 2% 

Left,  party,  average  thickness  19  inches  which 
is  standard,  no  charge 

Not  ledged,  charge 6% 

Parapets,  right,  unexposed,  no  charge 

Left,  adjoining  building  1  story  higher  with 
opening  18  inches  above  roof,  no  charge 


Total  deficiency  charge 34% 

Floor^-ay  openings. 

All  floorways  are  semi-mill  construction  and 
therefore  grade  at  **C";  staimay  and  dumb 
waiter  in  brick  shaft  through  roof  with 
standard  automatic  fire  doors  on  openings 
and,  therefore,  grading  "d" ;  1  elevator  from 
basement  to  5th  story  with  openings  pro- 
tected by  standard  tin-clad  automatic  traps, 
and,  therefore,  grading  as  **c".  Credit  for 
floorways  ("C')  with  retinue  "c",  5X  2% . .     10% 
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Net  deficiency  charge 24% 

Occupancy,  candy  factory  and    bakery  25% 

plus  40% 65% 

65  hands,  additional  labor 42% 

6  open  motors  20%  plus  5/5  of  20% 40% 

Furnaces,  see  furnace  table: 

3  ovens,  coke  fud,  35%  plus  2/5  of  35%, 
equals  49%;  5  candy  kettles,  gas  fuel,  55% 
plus  4/5  of  55%  equals  99%,  reduced  i  for 
gas  fuel  equals  50%;  total  charge,  49%  plus 
50%equab99%;maximumcharge,35%X2    70% 


Total 241%         1 .49 


Occupied  building  rate  (gross) $2.11 

Credits — 

Structural  features.   All  floorways  grade  as  "C"    10%  .  21 


$1.90 
Protective  features.  Inside  standpipe  and  hose.      5%  .  09 


Individual  rate $1 .81 

SOME  QBNERAL  PROBLEMS 

The  rate  of  insurance  includes  all  charges  that  may  be  made 
against  the  company  in  connection  with  its  business.  In  life  insur- 
ance it  is  customary  to  compute  the  premium  or  rate  at  a  net  amount 
and  then  to  load  this  for  expenses.  In  fire  insurance,  on  the  other 
hand,  the  expenses  and  all  other  items  are  included  in  the  rate  as 
computed.  In  other  words,  the  rate  when  first  computed  is  all 
inclusive. 

In  the  ratings  thus  far  considered,  except  in  the  Anal>iic  Sched- 
ule, the  non-fireproof  and  the  fireproof  building  have  received  special 
consideration.  In  the  Anal>i;ic  Schedule,  as  pointed  out,  a  different 
basis  rate  is  used  where  the  risk  is  a  frame  than  where  it  is  of  ordinary 
construction.  No  fully-developed  schedule  for  rating  fireproof 
buildings  has  yet  been  brought  forth  under  the  Analj'tic  System. 
In  due  time,  undoubtedly,  this  will  be  done. 
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The  Universal  Schedule  makes  provision  for  the  frame  building 
having  a  well-developed  schedule.  It  has  not  been  used  to  any 
extent,  probably  due  as  much  as  anything  to  the  fact  that  it  was 
deemed  a  marked  advance  when  the  schedule  was  first  put  into  use 
to  bring  the  buildings  of  ordinary  and  fireproof  construction  under 
schedule  rating. 

The  frame  building  on  general  principles  b  worth  the  same 
rate  as  the  contents.  The  rate  on  a  manufacturing  schedule  for  a 
frame  risk  may  be  computed  in  precisely  the  same  manner  as  though 
the  building  were  of  non-fireproof  construction,  minor  charges 
would  be  omitted  but  there  would  be  a  specific  charge  added  for  the 
character  of  the  construction,  that  is,  frame.  This  would,  in  a  plant 
of  any  size,  amount  to  probably  half  a  dollar.  The  frame  risk  is 
all  too  prominent  still  in  the  United  States,  but  it  will  pass  away 
and  in  due  course  be  superseded  by  non-fireproof,  and  then  fireproof 
structiures.  The  greater  part  of  the  building  construction  in  the 
United  States  niunerically  is  still  of  the  frame  class  and  it  is  prob- 
able that  this  condition  will  continue  for  many  years  to  come. 

The  building  of  mill  construction,  which  would  generally  be 
considered  as  coming  mid-way  between  the  non-fireproof  and  the 
fireproof,  receives  credit  by  a  percentage  reduction  from  the  final 
rate  as  computed  for  a  non-fireproof  building.  The  full  type,  stand- 
ard mill  construction  would  receive  a  very  large  credit.  It  b  the 
practice  to  grant  some  slight  concession  where,  although  the  build- 
ing may  not  be  fireproof,  there  may  be  specific  parts,  as  the  floors, 
which  are  far  beyond  the  ordinary  construction.  The  old  type  of 
mill-constructed  building  with  the  large  timbers  is  probably  not 
being  erected  today  to  any  large  extent.  The  size  of  timbers  neces- 
sary are  not  easily  procurable.  It  is  being  replaced  by  the  reinforced 
concrete  building,  or  by  a  modest-priced  fireproof  building  with 
ironwork  fully  protected.  The  record  of  the  buildings  of  mill  con- 
struction in  fires  has  been  excellent,  especially  when  under  the  pro- 
tection of  sprinklers. 

There  are  some  few  cases  in  rating  where  the  susceptibility  to 
damage  to  the  stock  is  so  great  that  more  than  one  rate  may  be 
made  for  the  contents.  An  example  of  this  kind  is  a  florist's 
stock  which  would  be  ruined  by  a  very  slight  degree  of  heat.  It  is 
good  practice  in  rating  to  make  a  distinction  between  the  stock. 
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such  as  the  flowers,  etc.,  as  against  the  furniture  and  fixtures  which 
are  not  so  susceptible  to  damage.  The  same  is  true  concerning  live 
stock  of  any  kind,  as  birds  in  a  store,  horses  in  a  stable,  or  cattle 
in  a  bam.  All  animals  are  easily  affected  by  fire  and  smoke  and 
may  be  considered  in  the  very  highly  susceptible  class. 

Fire  insurance,  being  designed  to  indemnify  the  insured  for  the 
loss  which  he  has  sustained  on  account  of  the  fire,  in  addition  to  cover- 
ing the  loss  which  may  occiir  to  the  building  and  all  the  contents, 
has  gone  beyond  that  and  provides  indemnity  against  certain  other 
losses  which  may  be  occasioned  by  a  fire,  although  they  do  not  have 
a  tangible  physical  form,  such  as  the  stock  of  a  store  or  a  building. 
Among  these  may  be  considered: 

Rent  Insurance.  The  ordinary  lease  is  so  drawn  that  if  the 
building  be  destroyed  by  fire  to  a  certain  point  the  lease  is  broken 
and  the  income  ceases  or  the  terms  of  the  tenant  may  be  such  that 
even  a  sUght  fire  will  terminate  the  lease.  Then  the  owner  will 
suffer  a  loss  of  rents  occasioned  directly  by  the  fire.  Rent  insurance 
is  a  form  of  loss  to  which  fire  insurance  peculiarly  applies,  and  policies 
were  written  q^ite  early  in  the  history  of  the  business.  The  rates 
for  rent  are  generally  based  on  a  certain  percentage  of  the  rate  of 
the  building  and  are  generally  subject  to  the  rules  governing  insur- 
ance on  the  building. 

Use  and  Occupancy.  Use  and  occupancy  insurance  refer  to 
that  form  of  insurance  which  covers  a  loss  that  may  be  sustained 
because  one  does  not  have  a  normal  use  and  occupancy  of  the  build- 
ing. In  a  sense,  it  has  a  wider  range  than  rent  insurance  since  every 
tenant  of  a  building  may  have  a  legitimate  desire  to  conduct  his 
business  at  the  location,  and  to  conduct  it  without  interruption. 
A  fire  is  an  interruption  and  may  occasion  a  severe  loss.  Hence, 
this  form  of  insurance  is  provided  for  and  here  again  the  rates  are 
generally  based  on  the  contents,  since  the  relation  of  this  form  of 
insurance  bears  a  closer  relation  to  the  condition  of  the  contents 
than  it  does  to  the  building,  as  in  the  case  of  rent  insurance. 

Lease  Insurance.  Lease  insurance  is  only  a  form  of  rent  insur- 
ance and  is  subject,  usually,  to  the  same  rules  and  laws. 

Commissions  and  Profits.  Commissions  and  profits  represent 
another  form  of  insurance  which  runs,  in  a  measure,  with  the  two 
preceding,  although  it  is  not  a  case  of  a  physical  factor  such  as  a 
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building  and  contents.  A  large  stock  of  goods  may  have  been 
sold,  the  commission  payable  on  delivery.  Before  they  can  be 
delivered  they  are  destroyed  by  fire  and  the  profit  or  commission 
has  been  lost.  Fire  insm^nce  provides  an  indemnity  against  this 
form  of  loss.    The  rate  is  generally  the  same  as  the  rate  on  contents. 

Pawnbrokers.  Pawnbrokers  have  a  peculiar  form  of  liability 
to  loss  represented  by  the  right  and  the  interest  which  may  be  due 
under  pledges  which  they  hold.  The  interest  on  pledges,  where 
the  time  of  the  loan  has  not  expired,  represents  an  accumulating 
value  to  the  pawnbroker;  the  interest  is  steadily  going  on.  It  is  a 
general  custom  to  insure  this  right  and  interest  and  the  rate  will 
range  much  lower  than  the  general  contents  and  yet  not  be  as  low 
as  the  building.  Another  example  of  practically  the  same  thing  is 
what  is  known  as  the  warehouseman's  accrued  charges.  A  ware- 
houseman having  taken  goods  on  storage  has  an  increasing  interest 
in  those  goods  because  of  the  storage  money  which  he  expects  to 
receive.  A  destruction  of  the  property  by  fire  before  the  goods  are 
taken  out  of  storage  might  occasion  the  entire  loss  of  his  expected 
receipts  for  storage.  The  insm^ance  of  these  accrued  charges  covers 
that  liability  to  loss. 

Blanket  Policies.  Blanket  policies  are  generally  governed  by 
a  rate  of  insurance  which  is  the  highest  rate  applying  to  any  one 
piece  of  property  under  the  blanket  policy.  The  wide  cover  which 
a  blanket  policy  may  have,  covering  an  entire  street  railway  prop- 
erty, for  instance,  thus  making  a  loss  under  the  policy  for  a  fire 
that  occurs  anywhere  along  the  lines,  entitles  the  companies  to  a 
somewhat  larger  return  than  for  a  risk  which  is  more  minute  than 
specific  in  description  and  location.  There  is  but  one  other  way  to 
avoid  the  charging  of  the  highest  rate  and  that  is  to  have  the  value 
submitted  for  each  piece  of  property  which  it  is  desired  to  cover 
under  the  blanket  and  to  make  an  average  rate  based  on  the  sub- 
mitted values,  and  the  rates  applying  to  each  specific  piece  of  property. 

Builder^s  Risk.  This  is  a  matter  which  affects  the  rate.  All 
of  the  policies  of  fire  insurance  permit  ordinary  mechanics  to  be 
employed  about  the  building  without  causing  an  increase  in  the 
rate  of  insurance.  Ordinarily  mechanical  work  may  be  done  without 
any  limit  as  to  time,  under  the  general  rules  governing  fire  insurance. 
The  standard  policies  and  probably  even  those  which  are  not  stand- 
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ard  give  this  privilege  for  not  exceeding  fifteen  days.  This  also 
means  that  within  these  fifteen  days  anything  may  be  done  to  the 
property  which  may  be  desired,  that  is,  extra  alterations  and  repairs 
may  be  made.  If  the  work  may  not  be  finished  in  fifteen  days  then 
special  permission  must  be  sought  and  for  this  a  charge  is  made, 
varying  according  to  the  construction  of  the  building,  being  less  as 
the  building  is  of  better  construction. 

Cold  Storage  Risks.  Cold  storage  risks,  depending  as  they  do 
on  the  steady  supply  of  artificial  cold  air  for  their  success,  and  this 
artificial  cold  air  being  created  by  mechanical  means,  may  be  se- 
riously affected  by  a  fire.  A  fire  which  would  not  destroy  any  of  the 
goods  might  so  cripple  the  cold-air  plant  as  to  practically  destroy 
all  of  the  property  stored.  If  the  companies  did  not  protect  them- 
selves they  would  all  too  frequently  find  that  they  were  assuming  a 
risk  not  contemplated.  It  is  an  established  practice  to  attach  to 
policies  covering  this  class  of  risks  a  special  clause  limiting  the 
liability  which  may  be  occasioned  by  a  breaking  down  of  the  cold- 
storage  plant  or  else  charging  a  rate  two  or  three  times  as  large  as 
the  ordinary  rate. 

Coinsurance.  This  is  not  permissible  in  a  great  many  states 
in  the  United  States;  hence,  rates  must  be  made  without  that  useful 
instrument.  In  states  where  it  is  permitted  the  rates  are  based  gen- 
erally on  an  insurance  of  80  per  cent  of  the  value  of  the  property. 
Should  the  insured  desire  to  carry  100  per  cent,  or  full  coinsurance, 
then  an  additional  allowance  may  be  made. 

Loss  by  Ordinance.  Local  ordinances  affect  the  loss  by  fire. 
For  example,  a  building  of  frame  construction  may  be  standing  within 
the  fire  limits.  The  frame  building  is  not  immediately  ordered  to  be 
taken  down,  but  when  it  is  destroyed  by  fire  or  any  other  means  and 
a  new  building  is  to  be  erected  on  that  spot,  that  new  building  must 
conform  to  the  ordinance  covering  the  district  in  which  the  building 
is  located.  If  the  ordinance  calls  for  a  fireproof  building,  then  a  fire- 
proof must  be  erected.  It  is  clear  that  a  building  of  frame  con- 
struction would  not  cost  anything  like  the  sum  which  a  fireproof 
building  would  cost.  Nevertheless,  the  owner  is  forbidden  to  erect 
anything  but  a  fireproof  building.  This  is  a  loss  which  calls  for  a 
larger  expenditure  of  money  in  addition  to  that  occasioned  by  fire. 
This  contingent  liability,  as  it  is  frequently  termed,  is  covered  in 
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much  the  same  manner  as  consequential  loss  is,  by  a  very  substantial 
increase  in  the  rates;  that  is,  if  the  company  assumes  the  liability 
of  replacing  the  building  with  one  called  for  by  the  ordinances  in 
case  the  old  one  is  destroyed. 

Term  Policies.  The  term  policy,  as  an  earlier  definition  has 
stated,  is  a  policy  written  for  more  than  one  year.  The  most  common 
forms  of  the  term  policy  are  those  covering  a  building  where  the 
rate  is  either  two  or  two-and-one-half  times  the  annual  rate  for 
three  years.  As  a  rule,  the  term  policies  apply  to  any  form  of  struc- 
ture such  as  buildings,  piers,  etc.,  and  may  apply  to  the  furniture 
and  fixtures,  or  household  furniture,  wherever  it  is  situated.  In  all 
the  rates  which  have  been  quoted  in  this  work  and  wherever  rates 
are  quoted,  the  annual  rate  is  the  one  which  is  in  mind.  It  is  evident 
that  if  the  annual  rate  on  a  building  is  $1.00  and  it  may  be  written 
for  three  years  at  twice  the  annual  rate,  this  is  an  average  rate  of 
66|  cents. 

In  the  beginning  of  fire  insurance,  and  for  a  century  or  more 
for  that  matter,  it  probably  was  a  very  useful  advertising  medium 
to  make  this  substantial  reduction  where  a  building  was  written  for 
more  than  one  year.  It  must  have  appealed  to  thejnsured  very 
much  to  know  that  if  he  wrote  for  more  than  the  shortest  period 
that  he  would  in  effect  save  this  amount  of  money.  It  is  very  doubt- 
ful whether  any  such  reason  exists  for  that  practice  today.  The 
inducement,  of  course,  is  not  necessary  because  all  properties  are 
insured.  The  allowance  also  is  probably  too  large.  It  has  recently 
been  set  forth  by  an  underwriter  that  the  discount  for  term  policies 
should  be  reduced  to  a  fractional  part  of  what  they  are  now.  However 
that  may  be,  the  point  that  is  sought  to  be  emphasized  is  this:  viz, 
that  when  the  annual  rate  is  quoted  on  a  building  it  is  well  to  remem- 
ber that  buildings  are  written  generally  for  a  term  and  that  the 
annual  rate  may  be  subject  to  a  deduction  of  nearly  20  per  cent, 
where  the  property  is  written  for  three  years,  if  not  a  larger  deduction. 
As  methods  of  rating  grow  more  and  more  exact  the  term  policy  will 
probably  pass  away  or  the  inducement  offered  will  be  so  slight  as  to 
practically  effect  its  banishment.  A  more  just  method  would  be  to 
compute  the  rate  as  closely  as  possible  and  then  make  an  allowance 
equal  to  the  rate  of  interest  on  the  reserve.  This  b  about  all  that 
should  be  done. 
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Exchisloa  of  Certain  Property.  The  rate  as  a  rule  covers  all  of 
the  property  in  the  risk.  It  takes  into  consideration  that  a  building 
has  foundations,  brick  waUs,  paper  for  the  interior  finish  and  various 
other  items.  Some  parts  are  highly  susceptible  to  damage;  others 
are  not,  as  the  f oimdations.  This  fact  of  the  susceptibility  of  different 
parts  b  also  known  to  the  insured,  who  very  frequently  seeks  to  take 
advantage  thereof  by  excluding  from  the  policy  those  parts  ^rfiich 
he  thinks  are  the  least  liable  to  loss;  unless  this  exclusion  has  been 
taken  into  consideration  in  computing  the  rate,  it  is  evident  that  it 
is  the  same  thing  as  reducing  the  rates  of  insurance  on  the  more 
hazardous  parts.  The  imderwriter  has  estimated  that  the  loss  even 
if  a  fire  starts  in  the  property  may  be  a  slight  one  owing  to  the  large 
amoimt  of  solid  and  rugged  construction.  But  this  consideration 
may  be  entirdy  defeated  if  the  insured,  having  secured  a  low  rate 
over  all,  then  is  permitted  to  exclude  all  the  best  parts  of  the  risk. 
For  example,  the  foundations  when  they  are  below  the  level  of  the 
ground  are  generally  excluded,  but  no  other  part  of  the  rated 
property. 

Improvements.  Improvements  to  building  represent  counters, 
shelving,  and  things  of  like  nature  which  the  lessee  may  have  to  put 
into  the  building.  All  these  it  is  permissible  for  him  to  insure  as 
improvements  to  the  building  and  the  rate  which  is  applied  follows 
the  building  rate. 

Contents  of  Fireproof  Safes  and  Vaults.  This  class  covers 
cases  where  special  care  is  taken  of  property  and  on  account  of  this 
extra  care  and  protection  a  large  consideration  is  granted  in  the  rate. 
A  jeweler's  stock  consisting  principally  of  precious  stones  where  the 
property  is  in  a  fireproof  building  and  in  a  fireproof  vault  receives 
extremely  low  rates  varying  according  to  the  article,  in  some  cases, 
from  7J  cents  for  diamonds  unset  to  25  cents  for  watches  and  watch 
movements.  \Miere  the  property  is  located  in  a  building  of  non- 
fireproof  construction,  but  still  contained  in  a  fireproof  safe  or  vault, 
low  rates  for  the  class  of  property  enumerated  in  the  jeweler's  stock 
will  be  granted,  but  these  rates  generally  do  and  always  should  bear 
some  relation  to  the  rate  of  the  property  in  which  they  are  located, 
and  vary  according  as  the  risk  is  a  good  or  a  bad  one.  It  is  cus- 
tomary in  some  parts  of  the  country  to  divide  the  rate  of  the  build- 
ing of  non-fireproof  construction  by  5,  and  to  this  to  add  specific 


\Jb«i» 


FIRE  INSURANCE  RATING  131 

charges,  such  as  the  flat  charges  in  a  fireproof  building,  for  the 
precious  stones  and  jeweky  and  watches  or  watch  movements. 

In  addition  to  these  valuable  articles  which  form  a  very  common 
type  of  risky  there  may  be  anything  contained  within  fireproof  safes. 
It  is  customary  for  general  merchandise  which  is  contained  in  a  fire- 
proof safe  or  vault,  to  receive  a  percentage  discount  from  the  rate 
for  merchandise  outside  of  safes.  This  discount  will  run  about  33} 
per  cent. 

Short  Rate.  This  is  a  type  of  rate  the  opposite  of  a  term  rate. 
The  latter  represents  a  period  longer  than  a  year;  a  short  rate  rep- 
resents a  period  less  than  a  year.  The  tables  given  on  pages  132  and 
133  illustrate  some  of  the  different  short  rates  which  are  in  force  in 
different  parts  of  the  country.    They  differ  only  to  a  slight  extent. 

Clauses  and  Warranties.  Clauses  and  warranties  are  vital 
factors  in  the  computation  of  the  rate  of  insurance.  Certain  reduc- 
tions which  are  made  in  the  rate  are  made  only  on  the  basis  of  a 
clause  stipulating  that  certain  things  shall  be  done;  for  instance, 
automatic  fire  alarms,  special  building  signals  and  the  sprinkler 
system,  all  carry  with  them  a  warranty  that  the  insured  shall  use 
due  diligence  in  keeping  these  equipments  in  good  order.  If  it  were 
not  for  the  warranty  as  set  forth  in  the  clause,  the  insured  might 
well  ignore  the  fact  that  he  received  a  substantial  reduction  in  his 
rate  and  proceed  to  dispense  with  the  useful  device  after  he  had 
secured  the  rate  reduction. 

The  clauses  referred  to  above  fall  under  the  standard  class  of 
clauses.  Another  group  more  local,  more  individual  in  their  char- 
acter, are  warranties  which  are  guaranteed  to  meet  certain  peculiar 
conditions  in  connection  with  a  risk.  One  of  the  most  common  of 
these,  and  it  illustrates  the  series,  is  where  there  is  a  boiler  in  a  build- 
ing and  it  is  used  only  for  heating  the  property,  although  it  may  be 
capable  of  generating  any  amount  of  pressure  beyond  that  used. 
The  rate  will  contain  a  charge  for  this  boiler.  The  insured  desiring 
to  have  the  charge  removed  states  his  willingness  to  accept  the 
warranty  that  the  boiler  will  not  be  used  or  if  used  the  steam  will 
be  limited  to  not  exceeding  ten  or  fifteen  pounds  pressure.  As  the 
last  type  of  warranty  is  individual  it  is  evident  that  it  might  be 
multiplied  to  any  extent  according  to  the  peculiar  conditions  in  any 
given  property. 
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SOMB  PINAL  CONSIDERATIONS 

The  average  rate  of  insurance  over  the  whole  country  has 
been  given  in  the  first  part  of  this  subject.  The  table  annually 
prepared  by  the  National  Board  of  Fire  Underwriters,  showing  the 
fire  risks  written,  the  fire  premiums  received,  losses  paid,  together 
with  various  averages  including  the  average  rate  for  each  state  in 
the  United  States  for  the  year  1910,  the  last  year  of  full  record 
available,  is  worthy  of  study  and  is  herewith  presented  for  that  pur- 
pose, Table  VIII. 

The  District  of  Coliunbia,  with  an  average  rate  of  53  cents, 
has  the  lowest  average  rate  of  any  specific  governmental  division 
for  which  the  statistics  are  collected.  Next  was  the  state  of  Delaware, 
with  an  average  rate  of  79  cents  and  then  the  state  of  New  York 
with  an  average  rate  of  80  cents.  From  these  low  figures  the  amount 
rises  through  various  sums  apparently  reaching  the  maximum  in 
the  territory'  of  Alaska,  where  it  was  $2.63. 

If  anyone  should  ask  what  is  the  primary  benefit  that  has 
been  derived  from  schedule  rating  or  the  modem  system  of  deter- 
mining the  fire  insurance  rate  in  general,  probably  the  best  reply 
and  the  one  nearest  the  truth  would  be  that  the  fire  insurance  tax 
is  today  being  collected,  under  the  present  system  of  rating,  in  the 
most  txiuitable  manner  that  it  has  ever  been  collected  in  the  history 
of  the  business.  When  it  is  realized  that  the  fire  insurance  loss  affects 
hundn^ls  of  different  forms  of  property,  and  each  form  of  property 
calls  for  special  consideration,  according  to  the  place  where  it  is 
situated,  the  ty{)e  of  building  in  which  it  may  be  located,  if  it  be 
personal  property,  and  its  own  susceptibility  to  damage,  multiply 
this  hy  the  thousand  and  one  circumstances  that  it  is  possible  to 
have,  and  it  should  be  readily  set»n  that  to  scientifically  determine 
a  fire  insurance  rate  is  something  which  the  work  of  two  centuries 
has  not  furnislu^l  sufficient  time  to  accomplish.  That  immense 
pains  are  being  made  in  that  direction  there  is  no  doubt,  but  much 
remains  to  be  done.  The  actuary  in  determining  the  rate  of  insurance 
in  life  insurance  has  the  important  bedrock  factor  to  base  his  data 
on,  that  every  risk  will  eventually  be  a  total  loss  if  the  policy  be 
carried  to  conclusion.  Xo  other  form  of  insurance  has  any  such 
anchorage  to  hold  to.  As  a  matter  of  fact,  in  fire  insurance  but  three 
or  four  pro|x?rties  in  one  hundred  losses  will  be  total  losses.     The 


\&^ 


FIRE  INSURANCE  RATING 


Tb»  Tsbis  eihibiU  by  BUt«  Ihe  Avenc*  Rata  o 

Stock  Fin  loninnn  Companuui  tat  igiO. 

Ths  MUD*  infonnktioD  lor  >  period  of  thirty  yean. 


Premium  ud  Lorn  Ratio* 
ISSO  to  lew.  iDcliuivc,  ii  fi 


a — 27  ymn;  t— 20  yuni  < — 28  yev;  *Qti>ii:  flncurnd. 


136  HRE  INSURANCE  RATING 

others  ci  the  hundred  vary  from  a  small  loss  of  1  and  2  per  cent 
up  to  90  per  cent  In  San  Francisco  the  salvage — which  means  the 
property  left  after  a  fire — ^was  between  7  and  8  per  cent  throughout, 
where  a  large  number  of  risks  were  taken  into  consideration.  In 
the  majority  of  cases,  of  course,  the  loss  was  total,  but  the  salvage 
averaged  about  as  given.  A  broker  was  once  asked  whether  he 
considered  his  business  a  science  or  a  profession.  His  reply  was 
that  he  considered  it  neither,  but  that  he  rather  regarded  it  as  a  fine 
art  Probably  fire  insurance  rating  borders  a  little  more  on  the  art 
than  science  today,  for,  with  the  exception  of  the  high-grade  sprinkler 
risks  where  the  data  is  extremely  complete,  there  is  not  a  sufficient 
body  of  collected  data  to  enable  one  to  speak  with  such  absolute 
assurance  that  a  fire  tomorrow  may  not  upset  his  utterance. 

Science  implies  fixed  laws  and  principles  which  are  undeviating 
in  their  workings  and  which,  under  like  conditions,  will  always  pro- 
duce like  results.  Mathematics  is  the  most  exact  sdence,  probably, 
that  we  have.  It  follows  absolutely  exact  processes  and  under  like 
conditions  produces  like  results.  Two  plus  two  will  always  produce 
four.  If  there  was  a  like  foundation  to  build  on  in  fire  insurance 
rating  most  of  the  difficulties  in  the  business  would  vanish.  A  single 
illustration  will  show  the  point.  The  conflagration  in  Chicago  was 
started  by  the  overturning  of  a  kerosene  lantern  by  the  kick  of  a  cow. 
Now  if  every  time  a  cow  kicked  a  lantern  and  overturned  it,  there 
was  a  conflagration  of  like  size  with  the  Chicago  one,  we  should 
lx»  able  to  lay  down  a  law  that  two  plus  two,  in  such  cases,  make 
four.  But  how  many  lanterns  have  been  kicked  over  without  even 
starting  an  onlinary  fire,  let  alone  a  large  one  or  a  conflagration. 
Two  plus  two  do  not  always  make  four  in  the  rating  problem 
because  not  all  is  known  about  the  **two''  of  fire  insurance  mathe- 
matics. If  it  is  not  a  science,  is  it  an  art?  And  if  so,  why?  An  art 
has  certain  fixed  canons  but  it  also  has  a  large  field  of  endeavor  or 
combination  which  apparently  does  not  obey  any  fixed  law  and 
where  the  artist  may  roam  at  will.  If  it  were  not  so,  all  works  of  art 
of  the  same  order  would  be  identical.  The  artist,  however,  does  not 
quite  furnish  the  ilhistration  which  will  l>est  stand  comparison  with 
rating  in  fire  insurance.  The  field  of  medicine  is  a  bit  nearer.  Here 
certain  areas  of  knowledge  have  been  brought  under  the  domain  of 
law,  rather  their  laws  have  been  discovered,  but  each  day  is  showing 
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'.  new  stretches  of  territory  as  yet  unmapped  and  where  the  laws  are 
unkno#n.   •      -     ' 

.Thtay'too,  the  attitude  of  the -public  toward  medicine  differs 
fipm  that  toward  the  other. professions,  not  to  say  a  great  many 
other  things.  A  layman  will  seldom  attempt  to  draw  a  will  or  draft 
a  fibei,  but  will  consult  a  lawyer  for  this  purpose.    The  layman  will 

.not  argue  that  two  plus  two  do  not  make  four  but  submit  to  the 
mathematician.  In  the  field  of  medicine,  however,  the  laity  roam 
at  will.  To  possess  a  cold  is  to  have  offered  to  you  a  remedy  by 
almoist  every  person  you  meet.  This  applies  not  only  to  colds  but 
most  other  diseases.  The  interesting  point  is  not  the  thing  itself 
but -the  attitude  of  the  laity  toward  this  subject.  \Vhy  is  it  that  the 
laymen  use  medicine  in  this  light  and  not  law  and  many  of  the  other 
sciences?  Is  it  not  due  to  the  simple  fact  that  medicine  is  as  yet  an 
art  and  not  a  science?  The  lawyer  can,  with  a  fair  degree  of  accuracy, 
draft  a  will  that  will  stand  or  a  deed  that  will  hold,  but  the  laity 
have  learned  that  the  physician  cannot  promise  a  cure  and  he  him- 
self knows  that  two  and  two  do  not  always  make  four. 

The  application  to  be  made  of  all  this  in  rdting  is  namely, 
that  the  attitude  of  the  laity  toward  rate,  making  in  fire  insurance  is 
much  the  same  as  that  of  the  l^ity  toward  medicine.  \Vhatever 
else  the  layman  may  not  know  about  in  fire  insurance  it  is  a  rare  one 
who  is  not  positive  that  he  knows  what  the  rate  should  be  on  his 
property. 

Possibly  this  attitude  is  produced  by  the  fact  that  the  average 
fire  insurance  policy  is  not  called  upon  to  pay  a  loss.  In  a  record  of 
four  hundred  thousand  policies,  thirty  in  one  thousand  was  the  num- 
ber that  was  subject  to  a  loss.  A  somewhat  higher  average  has  been 
furnished  by  another  underwriter  who  placed  it  at  about  six  in  one 
hundred  or  sixty  to  one  thousand,  and  then  added  that  if  it  proved 
to  be  only  five  in  one  hundred  you  made  money,  but  if  it  proved  to 
be  seven,  you  lost.  It  is  true  that  the  policy  of  insurance  is  necessary 
to  the  conduct  of  modern  commercial  business.  Credit  is  based  upon 
it.  The  business  man  knows  this  but  it  is  rather  a  negative  than  a 
positive  thing.  A  loss  under  the  fire  policy  is  positive  and  the  insured 
has  a  different  feeling  toward  his  fire  insuranc*e  premium  after  a  loss 
than  he  does  before. 

\Vhatever  the  reason,  this  attitude  of  the  insured  toward  the 
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business — and  the  crux  of  the  business  is  rate  making — is  one  of  the 
reasons  why  the  work  must  always  of  necessity  be  more  or  less  edu- 
cational in  its  nature.  There  must  be  steadily  preached  the  gospd 
of  gcKxi  building  laws,  fire  prevention,  fire  protection,  coinsurance, 
and  whatever  else  may  affect  the  fire  loss  adversely.  Under  the 
modem  system  of  schedule  rating  the  necessity  for  this  is  perhaps 
greater  than  under  the  ancient  system  of  a  few  classes  and  flat  rates. 
This  is  due  to  the  fact  that  the  insured  under  a  system  which  so 
minutely  analyzes  his  risk  is  led  to  feel  that  it  is  an  individual  matter 
and  the  mutuality  of  fire  insurance  is  forgotten.  His  risk  is  analyzed; 
he  is  furnished  with  a  copy  of  the  rating  and  as  he  analyzes  it,  item 
by  item,  feels  that  for  each  and  every  factor  for  which  a  charge  is 
made  he  has  been  duly  assessed.  This  very  fact  of  computing  the 
tax  by  a  series  of  items  enforces  this  upon  him  and  under  the  diction 
that  the  insured  determines  his  own  rate  it  is  driven  still  more  forcibly 
into  his  consciousness.  It  is  only  within  a  limited  degree  that 
the  insured  can  determine  his  own  rate  except  where  the  conditions 
permit  of  high-grade  sprinkling  and  a  financial  independence  or  size 
which  gives  control  of  the  property.  The  principle  of  mutuality 
always  existed  and  always  must  exist  in  the  business  of  insurance. 
It  is,  after  all,  merely  a  system  in  every  1)ranch  of  collecting  a  small 
sum  from  a  large  number  in  order  that  the  few  may  not  lose  a  large 
sum.  Each  contributes  his  small  sum  because  he  may  be  the  one 
who  needs  the  large  sum.  **To  tax  and  please  never  belong  to  govern- 
ment," said  Edrauiid  Burke.  The  business  of  fire  insurance  is  laying 
a  tax  in  the  eyes  of  the  insured  at  least.  To  lay  this  tax  and  please 
at  the  same  time*  is  a  problem  calling  for  the  same  ability  that  makes 
a  success  of  the  greatest  government  undertakings. 
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CHEMISTRX^    OF    OOMBUSTIOX 


L    What  do  you  understand  by  chemical  change?    Give  an 
example  (not  mentioned  in  the  text). 

2.  What  is  an  atom?    Molecule?    Element? 

3.  What  is  the  difference  between  a  mechanical  mixture  and 
a  chemical  union?    Give  illustration. 

4.  W^hat  causes  chemical  action? 

5.  What  do  you  understand  by  nascent  state? 

6.  Wliat  is  the  effect  of  pressure  and  temperature  on  a  gas? 

7.  Name  the  most  important  chemical  and  physical  proper- 
ties of  oxj'gcn. 

8.  Are  the  terms  combmstiblc  and  supporter  of  combustion  in- 
terchangeable? 

9.  ^^^lat  is  heat?    TcmpiTature? 

10.  How  is  a  flame  produced?    Why  are  some  flames  more 
luminous  than  others? 

11.  Describe  the  structure  of  an  ordinary  match  flame,  and 
tell  all  you  can  about  it. 

12.  How  would  you  determine  the  approximate  flashing  ix)int 
of  ordinary  sawdust? 

13.  ^^^lat  is  the  difference  between  the  fire  test  or  burning 
point  and  the  ignition  point  of  a  liquid  combustible? 

14.  Why  is  the  expression  spontaneous  ignition  point  incorrect? 

15.  Under  what  practical  conditions  is  linseed  oil  liable  to 
heat  spontaneously? 

16.  In  general,  how  should  oil  fires  l)e  extinguished? 

17.  Why  is  water  generally  used  to  extinguish  fires? 
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18.  What  do  you  understand  by  a  detonator? 

19.  Why  are  oxygen  carriers  hazardous? 

20.  In  what  respects  is  gasoline  more  hazardous  than  alcohol? 
Than  heavy  mineral  oil? 

21.  Wliat  is  meant  by  explosive  range? 

22.  Under  what  conditions  does  a  dust  explosion  occur? 

23.  In  considering  the  liability  of  a  flammable  liquid  to  be 
acddentally  ignited  why  is  it  important  to  take  into  consideration 
its  flashing  point  and  the  zone  of  average  temperature? 

24.  Is  the  expression  flammable  or  inflammable  liquidf  literally 
speaking,  correct? 

25.  What  would  happen  if  gunpowder  were  ignited  in  a  vac- 
uum? 
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UNDERWRITERS*  RKQUIREMENTS 

PART  I 


1.  Explain  briefly  the  electrical  causes  of  fires. 

2.  State  in  general  terms  the  means  to  be  taken  in  every 
installation  to  guard  against  such  fires  being  started. 

3.  As  affecting  the  fire  hazard,  describe  the  essential  differ- 
ences between 

(a)  constant-current  systems  and  constant-potential  sys- 
tems; 

(b)  low-voltage  and  high-voltage  circuits. 

4.  \Vhat  is  the  National  Electrical  Code? 

5.  Into  what  main  subdivisions  are  its  rules  dinded? 

6.  Describe  the  chief  desirable  characteristics  of  a  generating 
station  with  regard  to  the  fire  hazard. 

7.  In  judging  the  safety  of  an  installation  of  electric  motors, 
what  are  the  chief  items  to  be  considered? 

8.  Describe  a  motor-starting  rheostat. 

9.  What  is  an  autostarter? 

10.  What  is  the  object  of  a  continuous  duty  resistance? 

11.  What  are  transformers? 

12.  State  the  advantages  of  the  use  of  transformers  with  regard 
to  the  fire  hazard. 

13.  What  precautions  must  be  observed  in  installing  trans- 
formers? 

14.  Outline  the  standard  practice  for  outside  wiring. 

15.  ^^^lat  is  electrolysis? 
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16.  What  precautions  are  to  be  taken  in  connection  with  the 
installation  of  high-tension  lines? 

17.  What  is  a  ground  on  an  electric  circuit? 

18.  Where  is  a  ground  permissible  or  desirable? 

19.  State  the  purpose  of  fuses. 

20.  How  should  fuses  be  chosen  for  any  given  circuit? 

21.  Why  are  cartridge  and  plug  fuses  preferable  to  link  fuses 
for  general  use? 

22.  What  are  the  advantages  of  electric  heating  devices? 

23.  Why  is  the  electric  flatiron  more  hazardous  than  other 
heaters? 

24.  What  is  there  to  examine  in  the  inspection  of  an  installa- 
tion of  electric  fixtures? 
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ON     THn     SUBJKCT     OK 

UNDERWRITERS*  REQUIREMENTS 

PART  II 


1.  What  is  open-work  wiring? 

2.  What  is  the  essential  principle  of  conduit  work? 

3.  What  are  the  advantages  and  disadvantages  of  concealed 
work? 

4.  Outline  the  chief  things  to  be  considered  in  electric  in- 
•tallations  when  subject  to  a  continual  dampness. 

5.  When  should  wood  molding  never  be  used? 

6.  WTiat  are  the  chief  points  to  be  observed  in  wiring  a  theater? 

7.  How  should  the  footlights  be  installed? 

8.  With  a  voltmeter  having  a  resistance  of  24,000  ohms  and 
a  battery  of  26  volts,  it  was  found  that  the  voltmeter  read  6  volts 
when  connected  in  series  with  the  battery  and  the  wiring  of  a  house. 
What  was  the  insulation  resistance  of  the  wiring? 

9.  Why  are  rubber-covered  wires  used  almost  exclusively  in 
all  inside  wiring? 

10.  What  is  a  "slow-burning"  wire? 

11.  Describe  a  "weatherproof"  wire. 

12.  Give  the  dimensions  of  a  cartridge  fuse  for  a  circuit  of  110 
volts,  20  amperes. 

13.  In  what  way  do  telephone  wires  in  a  home  affect  the  fire 
hazard  and  what  fire  precautions  should  be  taken? 

14.  What  is  a  snap  swatch  and  what  is  its  distinguishing  feature? 

15.  Describe  a  characteristic  conduit  installation  for  an  apart- 
ment. 
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U.    State  die  diidF  iMkantiCBB,  f^ 
file  hanod,  of  the  lae  of  dectricHy  as  oon^Mie^ 
gl^iting. 

17.  Why  «e  fligii  flaahos  hamdoosf 

18.  What  aie  the  wiring  lequiremeiita  lor  stage  aacfitoriimis? 

19.  State  the  wiring  lequsemento  for  moving-pictiiie  theaters. 
aO.  How  thick  is  the  rubber  instalhitkm  of  No.  4  B&S  wire? 
31.    What  is  a  circint  breaker? 

22.    Describe  a  panri  board. 
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ELEMENTS  OF  FIKE  INSURANCE 


1.  Define  insurer,  policy ,  rate,  premium. 

2.  Give  a  brief  history  of  the  development  of  Fire  Insurance. 

3.  Give  four  fundamental  principles  of  Fire  Insurance.  Can 
a  house  on  a  fine  residential  street  be  insured  for  more  money  than 
one  casting  the  same  money  located  in  a  poor  section  but  having  the 
same  water  protection?    Why? 

4.  Discuss  how  Fire  Insurance  benefits  commercial  enter- 
prises. 

5.  How  is  the  rate  on  any  definite  risk  obtaintxJ  by  the  com- 
panies? 

C.     What  is  a  hinder  policy?    Is  it  valid? 

7.  Describe  the  characteristics  of  a  Joint-Stock  Fire  Insurance 
Company. 

8.  Show  how  Mutual  Companies  differ  from  Joint-Stock 
Companies.    Which  of  these  two  is  the  more  importiint? 

9.  WTiat  is  tht  pro-rata  principle?  What  are  the  duties  of  the 
attorney-in-fact  in  Inter-Insurers  Companies? 

10.  Give  the   general   characteristics  of  Inter-Insurers  Com- 
panies. 

11.  Describe  the  operation  of  Lloyds,  I-*ondon. 

12.  How  is  a  department  or  general  agency  of  a  Joint-Stock 
Company  organized? 

13.  Give  the  duties  of  a  local  agent,  and   his  relations  with 
the  home  office. 

14.  What  are  the  duties  of  the  examiners? 
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15.  IWhat  are  tfie  advantageoos  and  disadnntageoas  featuies 
of  the  Mutual  Companies? 

16.  In  what  ways  have  Blanufactuveis*  BlutuaLs  influenced 
the  genafal  ideas  of  Fire  Insurance? 

17.  What  are  the  functions  of  the  National  Board  ct  lire 
Underwriters,  and  how  does  it  patiom  these  functicMis? 

18.  Outline  the  duties  of  an  iMpectar. 

10.  What  are  the  quaU£k:ations  of  a  good  underwrite  and 
what  are  his  duties? 

20.  Explain  the  functions  oi  an  insurance  broker.  ISiouki  he 
know  anything  about  insurance  matters? 
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ON     THB     nUBJROT     OW 

FIRE  INSURANCE  RATING 

PART  I 


1.  Define  "rate  of  insurance,"  a  "minimum  rate,"  a  "specific 
rate,"  an  "average  rate." 

2.  On  what  value  were  rates  first  based;  how  long  did  thb 
last? 

3.  What  discount  was  allowed  where  properties  were  insured 
for  more  than  the  shortest  period? 

4.  WTiat  rates  were  charged  for  contents  when  they  were  first 
insured? 

5.  What  was  the  group  system  of  rating? 

6.  Give  an  example  of  a  special  hazard;  and  what  was  the 
earliest  tariff  applied  to  this  type  of  risk? 

7.  Did  the  methods  in  the  United  States  differ  from  those  in 
Great  Britain  in  the  beginning  of  fire  insurance? 

8.  What  were  classes  of  hazards  and  how  many  were  there  in 
a  representative  case? 

9.  Mention  some  different  businesses  or  properties  that  fell 
into  each  of  the  four  following  divisions:  (a)  not  hazardous;  (b) 
hazardous;  (c)  extra  hazardous;  (d)  special. 

10.  WTien  did  the  schedule  system  begin  in  the  United  States? 

11.  What  is  the  classification  system  and  what  is  its  purpose? 
Does  the  average  rate  of  insurance  throughout  the  United  States 
show  much  fluctuation  from  year  to  year? 

12.  Give  a  brief  sketch  of  rating  organizations. 

13.  How  do  you  define  a  "schedule"?  What  object  is  sought 
by  the  s(*hedule  in  laying  a  tax  of  fire  insurance? 
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14.  What  is  the  most  common  type  of  risk  in  the  United  States 
or  in  any  country,  for  that  matter?  What  is  the  next  most  common 
type? 

15.  What  is  an  internal  exposure  charge? 

16.  Mention  eight  different  schedules  which  have  been  de- 
veloped for  specific  classes  of  property. 

17.  State  the  reasons  for  having  specific  schedules  for  specific 
classes  of  risks. 

18.  Wliat  two  types  of  schedules  are  used  for  rating  the  largest 
number  of  properties? 

19.  How  many  points  are  taken  into  consideration  in  rating  a 
churchy  as  shown  by  the  schedule? 

20.  Wliy  does  a  schedule  for  piers  take  into  consideration  but 
a  very  few  items? 

21.  What  new  principle  is  brought  out  in  the  theater  schedule 
different  from  those  which  have  been  previously  considered? 

22.  On  the  theater  schedule  warranties  number  1  and  2  call 
for  certain  equipments.  Why  should  the  allowance  for  this  equipment 
be  subject  to  a  warranty? 

23.  What  principle  of  the  base-rate  schedule  is  illustrated  by 
base  rate  as  computed  for  a  printer? 

24.  Why  should  every  hazard  in  a  non-fireproof  building 
affect  the  rate  of  all  the  tenants  and  the  same  not  be  true  in  a  fire- 
proof building? 
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1.  Why  b  the  Universal  Schedule  for  written  properties 
desirable? 

2.  State  briefly  the  seven  fundamental  principles  of  the 
Universal  Mercantile  Schedule. 

3.  Into  what  seven  divisions  does  the  schedule  itself  properly 
fall? 

4.  ^^llat  is  a  key  raief  What  is  a  standard  cUyt  What  is  a 
standard  building? 

5.  Wliat  points  in  determining  a  key  rate  impress  you  as 
of  the  most  moment? 

6.  In  the  non-fireproof  schedule  how  many  points  may  be 
considered  in  the  following:  (a)  In  the  first  series  of  charges;  (b) 
in  the  first  series  of  deductions;  (c)  the  second  series  of  deductions;  (d) 
under  faults  of  management? 

7.  What  does  each  point  in  the  schedule  represent;  b  it  the 
outgrowth  of  practice  or  b  it  theorj'? 

8.  What  should  a  wall  of  a  building  accomplish? 

9.  WTiy  are  concealed  spaces  considered  as  defects? 

10.  WTiat  principle  b  represented  by  the  stop  charge  under 
area?  • 

11.  What  are  the  objections  to  wood  cornices,  cupolas,  etc? 

12.  What  purpose  is  sought  by  the  deductions  under  items 
119  to  124  inclusive? 

13.  \Miy  is  an  automatic  alarm  more  of  a  protection  than  the 
special  building  signal? 
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14.  What  other  purpose  may  a  watchman  serve  than  the  mere 
protii'ting  of  the  property  in  case  of  fire? 

I'k  The  allowance  for  self-releasing  beams  is  only  made  in 
the  rate  of  the  building.    Why  should  it  not  apply  to  its  contents? 

16.  Mention  some  half  dozen  items  that  come  under  faults  of 
management. 

17.  Wliat  purpose  b  served  by  tarpaulins,  covered  cases,  and 
skids? 

18.  Wliat  b  ignibility?   Give  an  illustration. 

19.  ^Mlat  b  susceptibility?   Give  an  illustration. 

20.  VMiat  was  the  old  method  of  charging  for  an  exposure? 

21.  \Miat  b  represented  by  the  modem  exposure  table  such  as 
the  Universal? 

22.  In  the  example  of  rating  which  b  given  on  the  non-fireproof 
schedule,  how  many  items  were  charges  made  for,  and  what  deduc- 
tion could  have  been  made  in  the  property  by  possible  improve- 
ments, the  cost  of  which  was  not  prohibitive? 

23.  \Miat  was  the  first  method  of  making  allowances  for  fire- 
proof buildings?  \Miat  b  the  method  of  rating  fireproof  apartment 
houses  today? 

24.  WTiat  is  the  purpose  of  the  charge  under  item  297  A? 

25.  The  allowance  for  coinsurance  on  a  fireproof  building  is 
very  large.    What  reason  do  you  give  for  this? 

26.  \Miy  is  it  m*cessary  in  certain  risks  to  have  a  series  of 
occupancy  charges,  as  in  the  case  of  wholesale  grocers,  coffee  estab- 
lishments, department  stores? 

27.  When  sprinklers  were  first  introduced  what  method  was 
adopted  for  making  allowance  in  the  rate  of  insurance  for  this  device? 

28.  Wliat  change  took  place  in  the  methods  in  1905? 

29.  What  does  the  grading  schedule  of  sprinkler  properties 
aim  to  accomplish? 

.'^0.  What  is  the  restricted  sprinkler  schedule  and  how  would 
you  s<iy  it  ditVers  from  the  other  schedules  that  you  have  studied? 
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1.  What  three  principles  are  considet^  as  basic  in  the  Dean 
Schedule? 

2.  Explain  the. matter  of  "relativity"  as  emphasized  by  the 
Dean  Schedule. 

3.  What  forms  the  base  rate  of  the  Dean  Schedule? 

4.  In  its  treatment  of  floor  openings,  does  the  Dean  Schedule 
differ  from  the  Universal  or  some  of  the  other  schedules?  If  so, 
discuss  the  differences. 

5.  Into  what  parts  has  the  hazard  of  occupancy  been  divided? 

6.  Into  what  parts  has  combustibility  been  divided? 

7.  Into  what  two  classes  are  the  causes  of  fires  divided? 

8.  What  groups  are  there  in  damageability? 

9.  The  Universal  Schedule  takes  as  a  starting  point  a  standard 
building  in  the  standard  city.  Wliat  does  the  Dean  Schedule  take? 
Discuss. 

10.  Have  frame  buildings  been  rated  on  any  schedule  up  to 
the  present  time?    If  not,  why  not? 

11.  \Miat  method  is  adopted  to  make  an  allowance  for  mill- 
constructed  buildings? 

12.  Why  should  more  than  one  rate  be  made  sometimes  for  the 
contents  of  a  store,  as  a  florist  or  bird  store? 

13.  Mention  some  classes  of  insurance  which  have  grown  out 
of  the  practice  of  protecting  property  by  fire  insurance. 

14.  What  is  peculiar  to  the  rate  of  insurance  for  pawnbrokers? 

15.  What  is  a  blanket  policyf 
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16.  What  must  be  guarded  against  in  fixing  the  rate  of  insurance 
on  cold  storage  risks  and  in  losses  by  city  ordinances? 

17.  What  is  a  term  policy  f 

18.  Why  does  the  owner  want  to  exclude  certain  property? 

19.  What  is  a  short  ratef 

20.  What  degree  of  responsibility  is  sought  to  be  enforced  in 
connection  with  sprinklers  and  warranties  of  Uke  nature? 

21.  What,  if  any,  benefit  has  been  derived  from  the  modem 
system  of  schedule  rating? 

22.  Can  rating  claim  to  be  scientific?    Give  reason  for  your 
answer. 

23.  Explain  how  the  principle  of  mutuality  must  always  exist 
n  the  business  of  insurance. 


476 


INDEX 


477 


INDEX 


The  page  numbere  of  this  volume  will  be  found  at  the  bottom  of  the  pages; 

the  numbers  at  the  top  refer  only  to  the  section. 


Page 


Page 


Atmosphere 

42 

Chemistry  of  combustion 

composition     • 

42 

combustibles 

90 

supporter  of  combustion 

43 

combustion 

43 

Atomic  and  molecular  weights 

21 

extinction  of 

72 

B 

products  of 

70 

constitution  of  matter 

11 

Blanket  policies 
Builders'  risks 

449 
449 

explosions 

1 

75 

explosives 

97 

C 

flame 

51 

Car  wiring 

242 

flashing  point  and  fire  test 

60 

Carbon 

40 

gases,    properties    of 

27 

amorphous 

41 

hydrogen 

35 

diamond 

41 

ignition  point 

56 

graphite 

41 

liquids,  properties  of 

29 

occurrence 

40 

matter,  certain  laws  of 

24 

Chemical  action 

18 

nitrogen 

40 

catalytic  actions 

20 

oxidation 

46 

cause  of 

19 

oxygen 

33 

chemical  affinity  and  molecular 

oxygen  carriers 

82 

forces 

21 

relative   combustibility   of   sub- 

combination 

18 

stances 

86 

decomposition 

19 

spontaneous  ignition 

65 

nascent  state 

20 

water 

38 

stability  of  molecules 

19 

Circuit  breakers 

269 

valence 

21 

Coal  tar  and  by-products 

93 

Chemical  symbols 

22 

benzene 

94 

atomic 

22 

coal-tar  naphtha 

94 

chemical  equations 

24 

creosote  oil 

94 

formulas 

24 

naphthaline 

94 

molecular  (compounds) 

23 

toluene 

94 

Chemistry,  definition  of 

12 

Coinsurance                  382,  409,  414, 

450 

Chemistry  of  combustion               11- 

-102 

Cold  storage  risks 

450 

atmosphere 

42 

Combustibles  (certain) 

90 

atomic  and  molecular  weights 

21 

coal  tar  and  by-products 

93 

carbon 

40 

miscellaneous  products 

96 

chemical  action 

18 

acetone 

96 

chemical  symbols 

22 

disulphide  of  carbon 

96 

compounds,  classification  of 

25 

ether 

97 

Note. — For  page  numbers  see  foot  of  pages. 


479 


INDEX 


Page 
Combustibles  (certain) 
miscellaneous  products 

varnishes  and  lacquers  97 

vegetable  and  animal  oils  96 

petroleum  and  by-products  95 

solids  90 

Combustion  43 

extinction  of  72 

gaseous  extinguishing  agents     74 

carbon  dioxide  74 

carbon  tetrachloride  75 

methods  72 

non-combustible  mineral  salts   74 

water  72 

factors  influencing  50 

heat  of  49 

products  of  70 

carbon  dioxide  70 

carbon  monoxide  71 

other  products  of  71 

temperature  and  heat  43 

Compounds,  classification  of  25 

acids  25 

bases  26 

salts  26 

D 
Dean  analytic  schedule  431 
mercantile  classes  431 
items  considered  in  comput- 
ing rate  436 
area  437 
ceilings  437 
chimneys  440 
exposure  444 
floor  openings  438 
height  436 
occupancy  441 
causes  of  fire  442 
combustibility  441 
damageability  443 
outside  attachments  441 
partitions  440 
protection  and  exposure      444 
roof  437 
skylights  438 
superior  construction  441 
walls  437 

Note. — For  page  numbers  see  foot  of  pages 


Page 
Dean  analytic  schedule 
mercantile  classes 

some  final  considerations  456 

some  general  problems  446 

blanket  poUcies  449 

builder's  risk  449 

clauses  and  warranties  453 

coinsurance  450 

cold  storage  risks  450 

commissions  and  profits  448 
contents  of  fireproof  safes  and 

vaults  452 
exclusion  of  certain  property    452 

improvements  452 

lease  insurance  448 

loss  by  ordinance  450 

pawnbrokers  449 

rent  insurance  448 

short  rate  453 

term  policies  451 

use  and  occupancy  448 

Decorative  lighting  230 
Departments  and  branches  of  fire 

insurance  317 

general  business  management  318 

special  business  management  319 

adjusting  319 

agency  320 

brokerage  321 

inspection  319 

rating  319 

under^Titing  320 

Devices  and  materials  254 

circuit  breakers  269 

fuses  or  cut-outs  260 

miscellaneous  devices  271 

bell-ringing  transformers  274 

electric  gas  lighters  276 

heating  devices  275 

marine  work  277 

panel  boards  and  cabinets  271 

rosettes  274 

sockets  and  receptacles  272 

rigid  conduit  and  conduit  fittings  258 

rubber-covered  wire  255 

Dust  explosions  81 

certain  working  conditions  81 


480 


INDEX 


Page 
Dust  explosions 

nature  81 

typical  explosive  dusts  82 

E 
Electric  light  or  power  circuits 

inside  work  162 
carrying  capacity  of  wires  167 
constant  current  sj'stenis  168 
constant   potential  systems  171 
fixtures  and  fixture  wiring  184 
arc  lamps  or  constant-po- 
tential circuitii  192 
fixture  details  184 
flexible  cords  189 
sockets  and  receptacles  186 
general   installation   rules  172 
electric  heaters  ISl 
fuses  and  circuit  breakers  17.*) 
switches  172 
transformers  in  building  194 
wires  in  walls,  floors,  etc.  166 
wiring  systems  163 
outside  work  147 
electrolysis  153 
grounding  of  circuits  157 
high  tension  lines  155 
mounting  of  transformers  157 
wiring  148 
outside  wires  on  buildings  151 
proximity  to  electric  light 

and  power  lines  150 

standard  practice  149 

trolley  wires  152 

underground  system  149 

Electric  signs  232 

Elements  of  fire  insurance  279-321 

departments  and  branches  of  fire 

insurance  317 

fire  insurance  associations  312 

firo  insurance  as  a  business  294 

fire  insurance  as  an  institution  279 

firo  insurance  as  a  transaction  2S7 
methods     and     organization    of 

companies  304 

Explosions  75 

characteristics  of  explosions  76 

dust  explosions  81 

Sole. — For  page  numbers  $e$  foot  of  pages. 


Page 

Explosions 

explosive  gas-air  and  vapor-air 

mixt  ures  77 

explosive    range    of    gases    and 

vapors  78 

general  nature  of  75 

Explosive     gas-air     and     vapor-air 

mixt  ures  77 

Explosive  range  of  gases  and  vapors     78 

Explosives  (certain)  97 

acetylene  102 

celluloid  (pyroxylin)  100 

fireworks  98 

guncotton  99 

gunpowder  97 

nitro-glycerin  and  dynamite  101 

F 

Fire  appliance  deductions  378 

alarms  378 

chemical  engine,  etc.  379 

fire  escapes  380 

roof  hydrant  380 

St  and  pipes  379 

watchman  and  clock  380 

Fire  insurance  associations  312 

engineering  313 

inspection  312 

National  board  of  fire  underwriters  313 
rating  312 

salvage  313 

under^Titing  312 

Fire  insurance  as  a  business  294 

joint-stock    fire    insurance   com- 
pany 295 
Lloyds  or  individual  insurers         301 
mutual  fire  insurance  company       297 
reciprocal  underuTitera  or  inter- 
insurers  298 

Fire  insurance  (companies,  methods 

and  organization  of  304 
mutual  fire  insurance  companies  307 
stock  fire  insurance  companies      304 

Fire  insurance  as  an  institution  279 

definitions  279 

early  fire  insurance  280 

fire  insurance  policy  285 

fire  insurance  a  tax  284 


481 


A 


INDEX 


Page 
Fire  insurance  as  an  institution 

functions  of  fire  insurance  283 

introduction  279 

principles  of  fire  insurance  282 

Fire  insurance  rating  323-474 

Dean  analytic  schedule  431 

development  of  insurance  rates  323 
schedule  for  fireproof  building  400 
schedule  for  non-fireproof  building  365 
universal  mercantile  schedule  359 
Fire  insurance  as  a  transaction  289 
application  for  fire  insurance  287 
approval  of  risk  290 

inspection  of  property  288 

occurrence  of  fire  291 

payment  of  premium  291 

rating  a  property  289 

settlement  of  claim  and  adjust- 
ment of  loss  292 
temporary'  insurance  287 
writing  the  policy  290 
Fireproof  building  charges  and  de- 
ductions      (Universal 
Schedule)  405 
area  406 
exceptional  construction  407 
final  rate                                           408 
floor  arches  407 
floors  407 
height  406 
key  rate                                            405 
skeleton  structures  405 
unprotected  iron                               406 
width  of  streets                                 407 
Fireproof    building    schedule    (Uni- 
versal Schedule)              400 
contents  rate                            408,  415 
charges  and  deductions             409 
coinsurance                                  409 
on  building                            410 
on  contents                            410 
exposure                                       415 
final  contents  rate                      417 
occupancy  416 
stock   above  seventh  floor       408 
discussion  of  building  charge  and 

deductions  405 

Note. — Fo    page  numbers  see  foot  of  pages. 


Page 
Fireproof   building   schedule   (Uni- 
versal Schedule) 
early  rates  for  fireproofing  400 
graded  occupancy  charges  418 
illustrative  example  411 
building  rate  412 
area  412 
coinsurance  414 
final  building  rate  415 
floor  openings  413 
floors  413 
height  413 
key  rate  412 
merchandise    above    sev- 
enth floor  413 
non-fireproof  treads  413 
number  of  hands  414 
number  of  tenants  414 
occupancy  charge  414 
stairways  413 
unprotected  iron  work  412 
sprinklers  421 
early  schedules  421 
higher  sprinkler  schedule  422 
grading  schedule  423 
operation  426 
restricted  sprinkler  schedule     426 
universal  rates  401 
Fire  test  65 
Flame  51 
bunsen  flame  54 
flame  temperature  55 
incandescence-combustion  with- 
out flame  55 
luminosity  54 
structure  52 
Flashing  point  60 
definition  60 
liquids  60 
commercial  test  methods  61 
special  test  methods  64 
solids  64 
Flush  switch  175 
Fuses  or  cut-outs  260 
cartridge  fuses  263 
classification  260 
knife  switches  265 


482 


INDEX 


Fuses  or  cut-outs 
plug  fuses 
snap  switches 


Page 

262 
267 


G 


27 
27 
27 

28 
29 
28 


Gases,  properties  of 
Hoyle's  law 
Charlojj'  law 
critical  pressure 
diffiLsion  of  gases 
liquefaction  of  gases 

H 

Heat  43 

caloric  45 

specific  45 

High-  and  extra  high -potential  sys- 
tems of  wiring  243 
classification  243 
requirements  for  safety  244 

Hydrogen  35 

occurrence  35 

preparation  36 

properties  36 

I 

Ignition  point  56 
apparent  lowering  of  59 
definition  56 
influence  on  combustion  57 
combustion    only    with    con- 
tinuous external  heat  58 
combustion    without    contin- 
uous external  heat  58 
spontaneous  ignition  57 
Indemnity  exchange  300 
Individual  underwriters  299 
Insurance  rates,  development  of  323 
early  methods  323 
definitions  323 
early  history  324 
group  system  326 
special  hazards  327 
wool  tariff  327 
methods  in  United  States  328 
beginnings    of    the    schedule 

systems  332 

classes  of  hazards  330 

Note. — For  page  numherx  see  foot  of  paotM* 


Insurance  rates,  development  of 
methods  in  United  States 

fixed  base  rate 
schedule  rating 

J 
Joint-stock  fire  insurance  company 


K 


Knife  switch 


Page 

329 
334 

295 

173 


Ix^ase  insurance  448 

Lighting,  special  installations  230 

car  wiring  242 

decorative  and  commercial  light- 
ing 230 
high-  and  extra  high-potential 

svstems  243 

lighting  and  power  from  railway 

wires  243 

moving     picture    theaters    and 

machines  239 

signaling  systems  246 

theater  wiring  234 

Lighting  and  power  from  railway 

wires  243 

Liquids,  properties  of  29 

boiling  point  31 

evaporation  29 

gases  and  vapor  30 

solution  32 

vapor  pressure  30 

volatility  31 

Lloyds  or  individual  insurers  301 

M 

Matter,  certain  laws  of  24 

constant  composition  25 

indestructibility  24 

Matter,  constitution  of  11 
compounds  and  mechanical  mix- 
tures 16 
elements  12 
molecules  and  atoms  14 
physical  and  chemical  changes  11 

Molecular  weights  21 

Moving  picture  theaters  and   ma- 
chines 239 


483 


f 

i 


0 


INDEX 


Pago 
Moving  picture  theaters   and  ma- 
chines 
caui»e8  of  danger  240 

interior  equipment  239 

Mutual  fire  insurance  companies  296, 307 
local  or  county  307 

manufacturers*  310 

state  309 


N 


Page 
Non-fireproof  building  charges  and 

deductions  (Universal 

Schedule) 
roof  371 

self-releasing  beams  and  girders    381 
sprinklers  382 

sprinklers  below  grade  382 

steam  boilers  375 

stone  piers,  columns,  etc.  375 

tenants  374 

unprotected    iron     columns    or 


National  board  of  fire  underwriters 

313 

other          unprotected 

committees 

313 

etal  members 

375 

on  construction  of  buildings 

317 

walls 

371 

on  consulting  engineers 

315 

wires 

374 

on  fire  prevention 

315 

wood  cornices,   cupolas,  etc. 

373 

on     heating,     lighting, 

and 

Non-fireproof      building      schedule 

patents 

315 

(Universal  Schedule) 

365 

on  incendiarism  and  arson 

314 

charges  and  deductions 

371 

on  laws 

313 

contents  rate 

383 

on  statistics  and  origin  of  fires  314 

deductions 

384 

electrical  department 

317 

grade  floor  stock 

384 

National  fire  protection  associa- 

merchandise  covered    by 

tion 

315 

tarpaulins 

384 

underwriters*  laboratories 

317 

merchandise  stock  in  gen- 

National electrical  code 

123 

eral 

385 

Nitrogen 

40 

merchandise    in    tin-cov- 

occurrence 

40 

ered  case» 

384 

properties 

40 

skids 

384 

Non-fireproof  building  charges 

and 

relation  to  building  key  rates 

383 

detluctions    (Univ 

ersal 

illustrative  example 

391 

Schedule) 

371 

contents  rate 

396 

accessibility 

381 

ofTect    of    possible    improve- 

area 

372 

ments 

395 

coinsurance 

382 

final  analysis  of  rate 

397 

conceale<l  spaces 

372 

exposure 

398 

constructional  deductions 

375 

final  building  rate 

395 

faults  of  management 

3S3 

preliminary  charges 

391 

fire  appliance  deductions 

378 

area 

392 

fire  boat 

381 

boiler 

394 

floor  openings 

373 

floor  openings 

393 

floors 

372 

height 

392 

frame  rears  or  extensions 

375 

iron  columns 

394 

heating 

374 

kev  rate 

391 

height 

372 

lighting 

394 

lighting 

373 

roof 

392 

office  ocupjiiicv 

3S2 

skylights 

394 

Note. — For  page  numbers  see  foot  of  pages. 


484 


INDEX 


Page 


Page 


Non-fireproof    building     schedule 

(Universal  Schedule) 

illustrative  example 

preliminary  charges 

walls 

391 

reductions 

394 

special  features 

385 

exiwsure 

387 

old  method 

387 

universal  system 

387 

occupancy 

385 

0 

Oxidation 

46 

calorific  intensity 

51 

exothermic  and  cndothermic  re- 

act ions 

47 

factors  influencing  combustion 

50 

heat  of  combustion 

49 

rapid 

47 

Oxygen 

33 

occurrence 

33 

preparation 

33 

properties  of 

34 

Oxygen  carriers 

82 

chlorates 

85 

nitrate 

83 

potassium 

84 

of  soda 

84 

ozone 

86 

peroxide 

84 

barium 

84 

hydrogen 

85 

P 

Pawnbrokers*  liabihty 

449 

Petroleum  and  by-products 

95 

benzine  and  naphtha 

95 

cymogene 

95 

kerosene 

95 

mineral  lubricating  oils 

m 

petroleum  ether  and  gasoline 

95 

vaseline  and  parafRn  wax 

96 

Power  stations  and  their  equipment 

124 

dynamo-room  wiring 

128 

generators 

125 

ground  detectors  and  teats 

134 

lightning  arresters 

132 

Power  stations  and  their  equipment 


motors 

135 

rheostats  with 

142 

switches  and  protective  de- 

vices with 

140 

wiring 

137 

resistance  boxes  or  rheostats 

132 

storage  batteries 

145 

switchboards 

129 

transformers 

147 

R 

Reciprocal  underwriters 

300 

Reciprocal    underwriters    or    inter- 

insurers 

298 

Rent  insurance 

448 

Rigid  conduit  and  conduit  fittings 

258 

Rubber-covered  wire 

255 

fixture  wire 

257 

general  specifications 

255 

insulation    for    conduit  and  ar- 

mored circuits 

258 

special  insulation 

S 
Schedule  rating 

257 

334 

illustrative  examples 

350 

making  of  schedule 

342 

methods  of  "sfMScific  rating" 

346 

"minimum  rate"  risks 

344 

miscellaneous  schedules 

349 

old-time           manufacturing 

t 
i 

schedule 

348 

National  board 

334 

rating  organizations 

335 

duties  of 

336 

executive  organizations 

339 

justification  for 

337 

methods 

337 

work    distinct     from     insur- 

» 

ance  companies 

339 

Short  rate 

453 

Signaling  system 

246 

protecting  devices 

249 

wiring  requirements 

246 

Solids 

90 

coal 

90 

Note. — For  page  numbers  see  foot  of  pagtM. 


485 


8 


INDEX 


Solidn 

coal 

anthracite 
bituminous 

coke 

magnesium 

phoephoru8 
matches 
red  or  amorphous 

wood 
Spontaneous  ignition 

agricultural  products 

charcoal 

general  considerations 

oxidiiing  oils 
Stock  fire  insurance  company 

departments 

examiners 

local  agents 

reports 
Substances, relative  combustibility 

combustibles 

non-combustible 
Surface  snap  switch 


Table 

coinsuniiicc  data 

combust ihio  j^asos  heavier  than 
air 

(M)mbus(il)le  ^:u<es  lighter  than  air 

(M)ii(luctors  in  a.  v.,  sizes  of 

conductors  in  d.  c.,  siz(»s  of 

<Titical  temperatures  and  pres- 
sures 

element  data 

explosibility  of  certain  impor- 
tant g:u<es  and  vapors 

exposure  tables 

flames,  temperature  of 

flashing  point  and  fire  test 

heats  of  combustion 

ignition  point 

knife  switches,  approved  spacing 
for 

minimum  weights  of  conduit  for 
required  wall  thickness 

Note. — For  page  numbers  see  foot  of  pages 


Page 


91 

90 

91 

93 

91 

92 

91 

92 

65 

69 

69 

67 

68 

304 

304 

306 

305 


Page 
Table 

open-link  fuse  spacing  261 
premium  and  loss  ratios  457 
rates  based  on  property  value  325 
^      rates  based  on  rental  value  324 
rubber  insulation,  thickness  of  256 
short  rate  scale  454 
specific  heats  46 
spontaneous  heating  69 
wires,  carr>'ing  capacity  of  169 
Temperature  43 
Term  pohcies  451 
Theater  wiring  234 
dimmers  235 
footlights  and  borders  236 
general  specifications  234 
requirements  for  stage  auditori- 
ums 239 
special  lighting  circuits  and  stage 


306 

eflects 

239 

86 

stage  pockets 

237 

87 

Thermometers 

43 

90 
174 

U 

Underwriters'  requirements 

105-277 

devices  and  materials 

•254 

elect ricitv  as  a  cause  of  fires 

107 

411 

elementary   electrical   ideas 

and 

terms 

108 

78 

alternating  current 

109 

77 

constant-current  system 

117 

13<) 

constant-potential  system         116 

13S 

current 

110 

cut-out 

115 

2S 

difference  of  potential 

111 

13 

direct  current 

I  OS 

ground 

115 

79 

multiple  connection 

113 

3S0 

Ohm's  law 

111 

55 

power 

112 

66 

resistance 

111 

4S 

series  connection 

114 

50 

short  circuit 

115 

shunt 

114 

266 

three-wire  system 

117 

transformers 

117 

251) 

two-wire  svstera 

117 

486 


INDEX 


Pago 


Underwriters'  requirements 

element arv  electrical  ideas  and 


Universal  mercantile  Hchedulc 
firc|>roof  huildinj; 


Page 


terms 

sprinklers 

421 

voltage 

no 

making  a  key  rate 

365 

essential  parts  of  electric  install- 

non-fireproof  building 

365 

mentji 

121 

charges  and  deductions 

371 

cables 

121 

contents  rate 

383 

circuit  breakers 

122 

illustrative  example 

391 

generators 

121 

special  features 

385 

power-consuming  devices 

121 

W 

protective  devices 

121 

inside  work 

162 

Water 

38 

installation  of  wires  in  buiMings 

197 

occurrence 

38 

National  electrical  code 

123 

properties 

38 

outside  work 

147 

Wires,  installation  of  in  buildings 

197 

power  stations  and  their  equip- 

armored cable 

217 

ment 

124 

classification  and  general  princi- 

special inst  allat  ions 

230 

ples 

198 

testing 

250 

concealed  work 

210 

Universal  mercantile  schedule 

359 

conduit  work 

218 

fundamental  principles 

359 

open  wiring  in  damp  places 

203 

fireproof  building 

400 

open  work  in  dry  places 

199 

charg<»s  and  decluctions 

405 

wires  in  molding 

207 

contents  rate 

408 

metal 

209 

illustrative  example 

411 

wood 

207 

occupancy  charges 

418 

Wiring  equipment  testing 

250 

Note. — For  page  numbers  see  foot  of  pagu. 

487 


I< 


if 


^^^^^^^^^H           THE  NBW  YORK                    UBRARY            V 

^^^^^^^^^^^H                              BBFERENCB  DBPARTHBNT                               K' 

^^^^^^^^^H                   book 

en  from  tfaa  BnadiaC                             V                           % 

M               1 

■              1 

1       1 

1       J 

^fl 

^^^^H 

^^^^H 

^^^^H 

^^^^H 

^^^^H 

^^^^H 

^^^^H 

^^^^1 

^^^^H 

^^^^^^^^^^^H    t...  u. 

^^^^^^^H 

